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Pour  vacuum  arc  remelt  process  variations  commercially  available 
for  the  production  of  high-strength  steel  were  statistically 
compared  in  terms  of  smooth  and  notch  tensile  test  data  devel¬ 
oped  from  transverse  and  longitudinal  specimens  removed  from 
10-lnch  RCS  press-forged  billets.  Of  the  four  processes,  (a) 
air  melt-VAR,  (b)  air  melt-degas -VAR,  (c)  air  melt-double  VAR, 
and  (d)  vacuum  induction  melt-VAR,  Investigated  at  a  300  Ksi 
ultimate  strength  level,  the  vacuum  induction  melt-VAR  process 
provided  the  highest  ductility  and  the  most  nearly  uniform 
transverse  and  longitudinal  strength  and  ductility.  The'  air 
melt-VAR  material  ranked  second  in  overall  property  response 
and  uniformity,  although  significantly  lower  than  that  provided 
by  the  vacuum  induction  melt-VAR  process.  Air  me It -degas -VAR 
and  air  melt-double  VAR  processes  ranked  third  and  fourth, 
respectively,  but  were  not  significantly  different  when  oompared 
with  air  melt-VAR  property  data. 
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Pour  vacuum  arc  remelt  process  variations  commercially  available  for  the 
production  of  high-strength  steel  were  statistically  compared  in  terms  of 
smooth  and  notoh  tensile  test  data  developed  from  transverse  and  longitudinal 
specimens  removed  from  10-lnch  RCS  press-forged  billets.  Of  the  four  pro¬ 
cesses.  (a)  air  melt-VAR,  (b)  air  melt-degas -VAR,  (c)  air  melt-double  VAR, 
and  (d)  vacuum  induction  melt-VAR,  investigated  at  a  300  Ksl  ultimate  strength 
level,  the  vaouum  induction  melt-VAR  process  provided  the  highest  ductility 
and  the  most  nearly  uniform  transverse  and  longitudinal  strength  and  duotillty. 
The  air  melt-VAR  material  ranked  second  In  overall  property  response  and  uni¬ 
formity,  although  signifioantly  lower  than  that  provided  by  the  vacuum  induction 
melt-VAR  prooess.  Air  melt-Jegas-VAR  and  air  melt-double  VAR  processes  ranked 
third  and  fourth,  respectively,  but  were  not  significantly  different  when 
compared  with  air  melt-VAR  property  data. 

A  total  of  928  tensile  specimens  were  removed  from  each  of  the  four  billets 
representing  a  separate  vaouum  arc  remelt  prooess  variation.  Sectioning  was 
accomplished  in  a  manner  yielding  comparable  smooth  and  notohed,  transverse 
and  longitudinal,  surface,  mid- radius,  and  center  specimen  blanks  from  eaoh  of 
16  major  seotions  long  the  length  of  the  billet.  Subsequent  to  testing, 
generated  data  was  statistically  analysed  to  determine  the  influence  upon 
meohanloal  properties  of  specimen  type,  direction,  oross-seotlonal  position, 
and  looatlon  from  top  to  bottom  of  the  billet.  Prom  smooth  specimens,  yield 
and  ultimate  strength,  per  oent  elongation,  and  reduction  in  area  were  analyzed. 
Notoh  ultimate  strength  and  notoh/smooth  strength  ratio  values  for  the  various 
combinations  of  conditions  were  also  analysed. 

Statistical  values  reported  inolude  arithmetic  mean,  range,  standard  deviation, 
coefficient  of  variation,  and  standard  deviation  of  the  mean.  Methods  of 
evaluation  employed  included  (a)  preparation  of  control  charts  to  illustrate 
the  variation  of  meohanloal  property  data  from  top  to  bottom  of  each  billet 
(upper  and  lower  oontrol  limits  are  given  to  indicate  the  relative  degree  of 
oontrol  afforded  by  eaoh  melting  praotloe  for  eaoh  property  and  condition  com¬ 
bination  studied),  (b)  frequency  distribution  plots  (histograms)  prepared  by 
an  IBM  1620  oomputer  to  permit  direct  comparison  of  144  separate  groups  of 
property  data,  and  (0)  miscellaneous  charts  and  tables  to  effectively  portray 
mean  and  standard  deviation  values  for  each  data  group. 

A  statistical-metallurgical  evaluation  of  Phase  III  data  indicates  that  the 
vaouum  induction  melt-VAR  process  possesses  the  capability  of  achieving  one 
of  the  baslo  aims  of  the  program  (to  be  subsequently  verified  by  testing 
oloeed-die-forged  parts  during  Phase  IV).  The  attainment  of  essentially 
lsotroplo  properties  is  dearly  feasible  since  transverse  strength  and  ductility 
values  olosely  approaoh  those  obtained  from  longitudinal  specimens. 

Notoh/smooth  ultimate  strength  relationships  established  for  eaoh  remelt  pro¬ 
oess  variation  at  the  300  Ksl  strength  level,  however,  evidence  considerable 
within-heat  variation,  primarily  beoause  of  the  sizable  variation  in  notoh 
strength  values.  Although  mean  values  for  the  vaouum  induction  melt-VAR 
prooess  N/S  ratio  exceeded  average  values  for  every  oomparable  specimen 
direction  and  location  in  the  other  three  processes,  in  no  oase  did  any 
average  value  equal  or  exoeed  unity  at  the  strength  level  tested.  Consequently, 
notch  sensitivity  must  be  considered  a  governing  criterion  in  the  design  of 
H-ll  steel  components  at  this  strength  level. 
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NOTICES 


When  Government  drawings,  specifications,  or  other  data  are 
used  for  any  purpose  other  than  In  connection  with  a  definitely 
related  Government  procurement  operation,  the  United  States 
Government  thereby  incurs  no  responsibility  nor  any  obligation 
whatsoever;  and  the  fact  that  the  Government  may  have  formulated, 
furnished,  or  in  any  way  supplied  the  said  drawings,  specifica¬ 
tions,  or  other  data,  is  not  to  be  regarded  by  implication  or 
otherwise  as  in  any  manner  licensing  the  holder  or  any  other 
person  or  corporation,  or  conveying  any  rights  or  permission 
to  manufacture,  use,  or  sell  any  patented  invention  that  may 
in  any  way  be  related  thereto. 


Qualified  requesters  may  obtain  copies  of  this  report  from 
ASTIA,  Document  Service  Center,  Arlington  Hall  Station, 
Arlington  12,  Virginia. 


Copies  of  ASD  Technical  Reports  should  not  be  returned  to  the 
Aeronautical  Systems  Division  unless  return  is  required  by 
security  considerations,  contractual  obligations,  or  notice 
on  a  specific  document. 


FOREWORD 


This  Interim  Engineering  Report  covers  the  work  performed  under 
Contract  AF33( 600 ) -38767  from  September  23,  1962  to  April  23, 
3.963.  It  Is  published  for  technical  Information  only  and  does 
not  necessarily  represent  the  recommendations,  conclusions,  or 
approval  of  the  Air  Force. 

The  Contract  with  Ladlsh  Co.,  Cudahy,  Wisconsin,  was  Initiated 
under  Aeronautical  Systems  Division  Project  7-678  to  Investigate 
and  determine  the  effect  of  melting  and  hot  reduction  practices 
on  transverse  ductility  of  high-strength  steel.  It  Is  being 
accomplished  under  the  technical  direction  of  Mr.  A.  J.  Merkle 
of  the  Basic  Industry  Branch,  ASRCTB,  Manufacturing  Technology 
Laboratory,  Aeronautical  Systems  Division,  Wrlght-Patterson  Air 
Force  Base,  Ohio. 

The  testing  program  and  statistical  evaluation  are  being  accom¬ 
plished  under  the  auspices  and  technical  direction  of  Ladlsh  Co. 
Metallurgical  Department.  Mr.  Joseph  C.  Truszynskl  Is  project 
engineer,  Mr.  Carl  Lugar  Is  Coordinator  of  Mechanical  Testing, 
and  Mr.  Jack  A.  Yoblln,  Director  of  the  Research  and  Development 
Division  of  the  Metallurgical  Department,  is  project  director. 
Contract  administration  and  Governmental  liaison  Is  under  the 
direction  of  Mr.  Charles  Burley,  Jr.,  Director,  Government 
Relations  Division.  Report  editing  was  provided  by  Mr.  W.  R. 
Semrou,  Technical  Writer,  Metallurgical  Department. 

The  primary  objective  of  the  Air  Force  Manufacturing  Methods 
Program  Is  to  Increase  produclbility,  and  Improve  the  quality 
and  efficiency  of  fabrication  of  aircraft,  missiles,  and  com¬ 
ponents  thereof.  This  report  Is  being  disseminated  In  order 
that  methods  and/or  equipment  developed  may  be  used  throughout 
Industry,  thereby  reducing  costs  and  giving  "MORE  AIR  FORCE 
PER  DOLLAR. N 

Your  comments  are  solicited  on  the  potential  utilization  of  the 
Information  contained  herein  as  applied  to  your  present  or 
future  production  methods.  Suggestions  concerning  additional 
Manufacturing  Methods  development  required  on  this  or  other 
subjeots  will  be  appreciated. 

*»•*•«***••*«*•*«•*•******«*«***«*»****«#*««*****»****«««****«*«* 
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I.  INTRODUCTION 


.Contract  AP33 ( 600 )- 38767  was  awarded  to  Ladish  Co.  to  determine 
the  optimum  steel  producing  process  for  the  production  of  sound 
high-strength  forging  stock  with  uniform  longitudinal  and 
transverse  ductility,  and  to  subsequently  test  the  selected 
process  by  making  closed-die  forgings.  Program  objective  is  a 
production  process  for  forged  parts  with  increased  overall 
strength  and  ductility  to  reduce  weight  ands increase  functional 
effectiveness  of  aerospace  vehicle  components.  Forged  parts 

-  ® 

are  to  be  produced  and  tested  in  Phase  IV.  In  Phase  III,  the 
Contractor's  objective  has  been  to  ditermlne  the  effects  of 

variations  in  the  mill  production  process  (vacuum  arc  remelting) 

@ 

which  was  statistically  demonstrated  in  Phase  II  to  offer  the 
greatest  potential  for  achievement  of  program  objectives. 

Interim  Engineering  Report  No.  4  describes  the  work  accomplished 
in  the  final  portion  of  Phase  III.  Activity  covered  is  that 
performed  subsequent  to  the  receipt  of  press-forged  billet 
material  produced  by  four  commercially-available  vacuum  arc 
remelt  process  variations  which  were  selected  at  the'  beginning 
of  the  phase  as  candidate  mill  practices  suitable  for  evaluation 
as  to  their  effectiveness  in  improving  transverse  ductility  at 
ultrahigh-strength  levels.  Thus,  the  basic  purpose  of  this 
phase  has  been  to  determine  the  effect  of  the  variations  of  the 
vacuum  arc  remelt  process  which  was  selected  in  Phase  II  by 
virtue  of  its  ability  to  provide  transverse  ductility  markedly 
superior  to  that  found  in  steel  which  has  been  electric  furnace 
air  melted  and  statically  cast. 
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Vacuum  melting  technology  has  advanced  rapidly  in  recent  years. 
The  Improved  reliability  and  higher  quality  of  vacuum  arc  re¬ 
melted  materials  is  evidenced  by  its  widespread  acceptance  and 
use  in  critical  parts  of  missiles.  Jet  engines,  high-performance 
bearings,  and  other  similar  applications  requiring  high-quality 
forgings.  Improvement  is  attributed  to:  l)  decreased  gas 
content,  2)  smaller  and  more  uniformly  distributed  nonmetallic 
inclusions,  and  3)  decreased  segregation  due  to  rapid,  progres¬ 
sive,  controlled  solidification. 

The  average  degree  of  improvement  in  transverse  ductility 
provided  by  vacuum  arc  remelted  material  when  compared  to  con- 
ventionally-air  melted  H-ll  steel  was  established  in  Phase  II 
by  means  of  a  comprehensive  statistical  analysis  of  nearly  5000 
sets  of  transverse  tensile  test  data. 

During  Phase  II,  over  4000  sets  of  data  from  specimens  in  a 
strength  range  of  280,000  to  300,000  .psi  were  obtained  from 
six  mills  and  Contractor's  records.  Data  represented  more  than 
500  individual  heats,  both  melting  practices  (air  melt  and 
vacuum  arc  remelt),  varying  degrees  of  hot  work  as  indicated 
by  a  range  of  billet  sizes  from  4-inch  through  24-inch  square, 
and  two  specimen  locations  (mid-radius  and  center).  To  supple¬ 
ment  this  data,  the  Contractor  performed  additional  tests  on 
samples  from  44  heats  of  air  melted,  vacuum  degassed,  and 
vacuum  arc  remelted  material.  Specimens  were  prepared  from 
full  cross  section  billet  material  in  a  size  range  of  8-inch 
through  24-lnch  square,  inclusive.  Three  specimen  locations 
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(surface,  mid-radius,  and  center)  were  involved  in  these  tests, 
and  all  528  specimens  were  heat  treated  to  provide  a  minimum 
strength  level  of  300,000  psi. 

The  average  ductility  of  remelt  material  as  measured  by  per 
cent  reduction  of  area  of  transverse  specimens  taken  from  mid- 
radius  locations  in  billet  material  heat  treated  to  an  ultimate 
strength  range  of  280  to  300  Ksl  was  determined  to  be  20.6  per 
cent,  or  75  per  cent  greater  than  comparable  air  melt  ductility 
of  11,8  per  cent.  The  even  greater  difference  in  mean  ductility 
values  for  specimens  taken  from  center-of-blllet  locations  (air 
melts  6.3  per  cent;  vacuum  arc  remelt:  19.6  per  cent  reduction 
of  area)  is  attributed  to  the  lack  of  soundness  and  the  higher 
nonmetallic  inclusion  content  generally  associated  with  the 
center  location  in  air  melt  material,  particularly  in  the  larger 
crosB  sections.  For  both  mill  practices,  as  billet  size  in¬ 
creased,  average  ductility  decreased  and  displayed  more  varia¬ 
tion  from  specimen  to  specimen;  however,  the  rate  of  decrease 
was  less  pronounced  in  remelt  than  in  air  melt  material.  Both 
strength  and  ductility  values  were  considerably  more  uniform 
in  remelt  material,  irrespective  of  billet  size  or  test  location. 
In  general,  strength  and  ductility  tended  to  diminish  from 
surface  to  mid-radius  to  center  location,  except  that  the  mid- 
radius  ductility  average  in  air  melt  material  heat  treated  to 
a  minimum  strength  level  of  300  Ksi  was  determined  to  be  even 
slightly  lower  than  the  comparable  air  melt  average  from  center 
specimens.  Considerable  variation  in  properties  between  mills 
and  billet  sizes  was  observed. 
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The  presence  of  areas  of  inherently  low  and  varied  transverse 
ductility  found  in  hot-worked  billets  of  air  melted,  statically- 
cast  aircraft-quality  steel  should  be  recognized  as  a  possible 
limiting  factor  for  designers  of  high-strength  steel  aircraft 
and  missile  components,  particularly  at  high  strength  levels 
where  ductility  falls  off  and  becomes  increasingly  erratic. 

Notch  tensile  strength  variation  also  dictates  caution,  since 
at  high  ultimate  strength  levels,  notch  tensile  strength  values 
are  frequently  lower  than  smooth  specimen  yield  strength  values. 
As  a  consequence,  the  possibility  exists  that  failure  of  high- 
strength  steel  parts  may  be  frequently  the  result  of  inadequate 
ductility  rather  than  inadequate  strength.  In  the  light  of 
such  findings,  the  advisability  of  evaluating  steel  produced 
by  advanced  melting  and  processing  methods  for  high-strength 
applications  becomes  even  more  apparent . 

Since  variables  affecting  material  quality  have  the  most  pro¬ 
nounced  effect  on  directional  properties  of  steel  at  high 
strength  levels,  it  therefore  follows  that  improved  control  of 
variables  which  contribute  to  that  effect  must  be  attained  if 
the  benefits  of  high-strength  materials  are  to  be  fully  realized 
Use  of  cleaner  and  more  homogeneous  material  suggests  itself  as 
a  practicable  method  for  reducing  the  effect  of  directionality 
on  mechanical  properties  of  steel  as  demonstrated  by  the  im¬ 
provement  realized  by  vacuum  arc  remelting  of  H-ll  steel  over 
conventional  air  melting.  The  resulting  effect  of  comparable 
hot  working  on  mechanical  properties  of  each  material  was  un¬ 
deniably  significant. 
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Interim  Engineering  Report  No.  4,  then,  describes  the  statis¬ 
tical  evaluation  of  mechanical  property  data  generated  from 
10-inch  square  press-forged  billets  of  H-ll  steel  melted  by 
the  following  remelt  process  variations:  a)  air  melt-vacuum 
arc  remelt,  b)  air  melt-vacuum  degas-vacuum  arc  remelt,  c)  air 
melt-double  vacuum  arc  remelt,  and  d)  vacuum  induction  melt- 
vacuum  arc  remelt. 


( 
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II.  MATERIAL  PROCUREMENT  AND  PROCESSING 


A.  Selection  of  Process  Variations 

Recently  published  technical  literature  reviewed  In  Interim 
Engineering  Report  No.  3  has  substantiated  that  the  Improve¬ 
ment  of  mechanical  properties  in  existing  alloys  cannot  be 
dissociated  from  Ingot  solidification  phenomena,  and  the  fre¬ 
quency,  size,  shape,  and  distribution  of  nonmetallic  Inclusions. 

Since  each  of  the  vacuum  processes  reviewed  possessed  certain 
Inherent  advantages  and  disadvantages  of  varying  degree.  It 
•seemed  logical  that  the  result  of  combining  or  duplexing  the 
processes  should  definitely  promote  a  more  favorable  end 
product. 

• 

Prom  the  standpoint  of  their  current  level  of  development,  and 
compatibility  with  the  scope  and  requirements  of  the  Contract, 
the  only  vacuum  processes  which  appeared  worthy  of  considera¬ 
tion  were  vacuum  degassing,  vacuum  induction  melting,  and 
vacuum  arc  remelting.  Although  extremely  promising,  electron 
beam  melting,  for  example,  was  still  considered  to  be  in  an 
early  stage  of  commercial  development.  Similarly,  the  avail¬ 
ability  of  powder  metallurgy  electrodes  for  use  in  vacuum  arc 
remelting  nad  not  advanced  sufficiently  to  warrant  inclusion 
in  this  program.  None  of  the  other  melting  processes  or 
modifying  techniques  reviewed  appeared  to  have  sufficient 
immediate  potential  for  commercially  producing  ingot  sizes 
and  tonnages  required  In  current  production  applications. 
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Of  the  three  vacuum  processes,  namely,  vacuum  degassing,  vacuum 
Induction  melting,  and  vacuum  arc  remelting,  a  total  of  four 
process  combinations  were  selected  for  the  purpose  of  deter¬ 
mining  the  optimum  melting  practice.  These  were: 

1.  Air  Melt-Vacuum  Arc  Remelt, 

2.  Air  Melt-Double  VAR, 

3.  Air  Melt-Vacuum  Degas-VAR,  and 

4.  Vacuum  Induction  Melt-VAR. 

Table  I  is  a  comparison  of  methods  of  vacuum  melting  and  de¬ 
gassing  which  provided  an  advance  indication  of  the  magnitude 
of  improvement  to  be  expected  from  several  duplex  processes. 

Test  results  with  the  air  melt-VAR  material  were  recognized  as 
essential  to  provide  a  base  line  for  comparison  of  the  relative 
degree  of  improvement  obtainable  from  the  other  process  varia¬ 
tions.  Although  much  property  data  for  this  remelt  process 
had  been  compiled  and  extensively  studied  in  Phase  II,  the 
preponderant  portion  of  such  data  represented  material  heat 
treated  to  a  280  to  300  Ksl  strength  level.  Of  the  billet 
samples  from  29  heats  which  had  been  treated  to  a  minimum 
strength  of  300  Ksi,  considerable  variation  was  manifest  with 
respect  to  quality,  sample  origin  within  the  billet,  mill  pro¬ 
cessing  procedures,  and  as-received  condition.  This  was  as 
expected,  since  Phase  II  was  essentially  a  comprehensive  study 
to  detertnine  the  current  state-of-the-art  for  transverse  duc¬ 
tility.  Exclusion  of  data  from  discrepant  material  would  have 
tended  to  defeat  the  requirement  of  establishing  existing 
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capability,  and  therefore.  Phase  II  material  tested  by  the 
Contractor  was  not  subjected  to  prior  acceptance  testing.  In 
Phase  III,  however,  it  was  desirable  that  data  be  generated 
from  only  the  highest  quality,  commercially-avallable  material. 
Accordingly,  Phase  III  steel  was  ordered  and  acceptance  tested 
in  accordance  with  Btringent  chemical  and  metallurgical  re¬ 
quirements  which  were  selected  in  part,  on  the  basis  of  Phase 
II  findings . 


The  air  melt-yacuum  degas-VAR  combination  was  selected  for 
inclusion  in  the  investigation  along  with  the  other  three  com¬ 
binations;  of  vacuum,  processes  which  had  been  originally  pro¬ 
posed  'since  it  was  considered  to  afford  an  economically  desirable 
^ electrode;:quality  level,  generally  above  that  of  air  melt,  but 
.lower' 'than,  that  of  the  VAR  or  vacuum  induction  melted  electrodes . 


The  precise  quality;  level  obtainable  was  r^ognized  as  depend¬ 
ing  .greatly  upon  the  effectiveness  of  the  specific  degassing 
unit ji.the  type  , of •  steel- being  melted,  and  the  particular  quality 


advantages  under  consideration. 


Finally',  in  establishing  the  particular  sequence  for  each  com¬ 
bination  of  processes,  it  seemed  only  logical  to  end  with  VAR 
because  of  its  inherent  advantages  associated  with  progressive 
solidification.  This  sequence  provides  an  ingot  free  of  normal 
defects  Buch  as  center  looseness  and  shrinkage  cavities  result¬ 
ing  from  static  casting.  In  all  four  of  the  combinations 
evaluated,  initial  electrodes  were  prepared  from  statically-cast 
ingots.  It  was  anticipated  that  subsequent  vacuum  arc  remeltin& 
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would  result  In  the  elimination  of  the  undesirable  defects 
and  thus  provide  a  much  more  uniform  and  reliable  end  product. 

Through  statistical  evaluation  of  the  strength-ductility  test 
results  of  the  four  metal  processing  combinations,  the  Inten¬ 
tion  was  to  ascertain  the  optimum  metal  processing  technique 
which,  when  applied  to  high-strength  steelB  such  as  H-ll,  would 
contribute  most  to  the  production  of  forging  material  with 
isotropic  or  nearly  Isotropic  properties. 


B.  Acceptance  Requirements 

Material  acceptance  requirements  for  Phase  III  material  (ad¬ 


justed  on  the  basis  of  Information  derived  from  the  statistical 
evaluation  of  vacuum  arc  remelted  material  in  Phase  II)  were 


as  follows: 

Chemistry:  Carbon  .... 

Manganese  . 
Phosphorus 
Sulfur  .... 

P  +  S . 

Silicon  . . . 

Chromium  . 

Molybdenum  . 

Vanadium  . 

Magnetic  Particle  Inspection 


0.38/0.43 

+0.02 

^-0.00 

0.39/0.42) 

0.20/0.30 

+0.00 

-0.05 

0.010  Max. 

+0.002 

0.010  Max. 

+0 . 002 

0.015  Max. 

+0.002 

0.75/0.90 

+0.00 

-0.05 

5.00/5.25 

+0.10 

-0.05 

1.20/1.40 

+0.05 

-0.05 

0.45/0.55 

+0.02 

-0.02 

AMS-2300. 


Maoroetch:  3  or  better  based  on  Ladish  Co.  Freckle  Rating 
Chart. 


Mechanical  Properties:  To  be  based  on  0.505"  tensile  specimens, 

two  (2)  each,  top  and  bottom,  while 
maintaining  a  stress  rate  of  70*000- 
90,000  psl/minute  to  failure  at  mid- 
radius  location. 

Ultimate  Strength  (Ksi)  .  300  to  330 


Transverse  Reduction  of 

Area  (per  cent)  .  4  Minimum 

6  Average  (4  tests) 


Qraln  Size:  7  or  finer  per  ASTM  E112-58T. 
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Mlorostructure i  Carbides  must  be  fine  and  uniformly  distributed 

with  no  evidence  of  segregation. 

Heat  Treat  Condition t  Material  shall  be  furnished  In  a  machin¬ 
able  condition  having  a  hardness  not 
higher  than  235  BHN. 

Rejection;  Material  not  conforming  to  the  above  requirements 

at  top  and  bottom  ingot  locations  will  be  rejected. 

C.  Selection  of  Supplier 

Material  acceptance  requirements  were  incorporated  into  inquiries 
sent  to  four  of  the  six  mills  which  participated  in  Phase  II. 
Selection  of  these  four  as  potential  suppliers  of  Phase  III 
material  was  based  upon  an  analysis  of  Phase  II  performance. 
Replies  from  each  of  the  four  mills  queried  were  evaluated  with 
respect  to  exceptions  taken  to  requirements,  availability  of 
necessary  facilities,  relative  performance  in  Phase  II  (consi¬ 
dered  as  indicative  of  respective  capability),  promised  delivery, 
and  price.  The  cost  of  material  ultimately  procured  ranged 
from  $0.85  per  pound  for  the  air  melt-vacuum  arc  remelt  billet 
to  $3.60  per  pound  for  the  vacuum  induction  melt-vacuum  arc 
remelt  billet. 

The  selected  mill  provided  the  advantage  of  the  highest  trans¬ 
verse  ductility  (average  per  cent  reduction  of  area)  and  the 
lowest  average  variation  (overall  standard  deviation)  developed 
statistically  in  Phase  II  from  mill-supplied  and  in-house  data 
for  vacuum  arc  remelt  material.  This  combination  of  highest 
average  ductility  together  with  least  variation,  or  spread, 
between  .high  and  low  values  was  interpreted  as  indicative  of 
the  maximum  currently-available  degree  of  uniformly  good  trans¬ 
verse  ductility  in  remelt  material.  Thus,  considerable  assurance 
was  established  that  the  vacuum  arc  remelted  material  procured 
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in  Phase  III  would  be  representative  of  the  highest  quality 
currently  available. 

An  added  factor  favoring  the  selected  mill  was  in-house  capability 
to  produce  all  four  process  variations  investigated  by  the  sta¬ 
tistical  evaluation  of  generated  property  data,  thereby  ob¬ 
viating  concern  over  process  variables  peculiar  to  different 
mills. 

A  further  advantage  was  seen  in  the  fact  that  it  was  possible 
for  three  of  the  four  process  variations  to  be  developed  from 
a  single  master  air  melt  heat.  The  fourth,  vacuum  induction 
melt-vacuum  arc  remelt,  had,  of  necessity,  to  originate  as  a 
separate  heat.  Thus,  the  opportunity  was  presented  to  further 
substantially  reduce  the  influence  of  qualitative  differences 
known  to  be  present  in  air  melt  heats  as  a  variable  affecting 
mechanical  properties  apart  from  variation  of  the  duplex  process. 

D.  Acceptance  Testing 

Upon  receipt  of  ten-inch  RCS  press-forged  billet  material 
produced  by  each  of  the  four  vacuum  arc  remelt  process  varia¬ 
tions  under  investigation,  ultrasonic  inspection  was  performed. 
Subsequently,  the  Contractor  removed  five  sections  of  steel 
from  the  top  and  bottom  extremities  of  each  billet  to  estab¬ 
lish  compliance  with  metallurgical  acceptance  requirements. 

Figure  1  illustrates  the  acceptance  test  sectioning  plan  and 
lists  the  types  of  tests  for  which  each  section  was  utilized. 
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FIGURE  1 

SECTIONING  DIAGRAM  FOR  ACCEPTANCE  TEST  MATERIAL 


After  the  inner  face  of  Sections  1  and  6  were  polished,  etched 
in  concentrated  hydrochloric  acid  at  170°F,  and  photographed 
to  establish  the  transverse  macrostructure  of  the  full  cross 
section  of  each  billet  top  and  bottom.  Sections  1  and  6  were 
used  to  determine  (a)  chemical  composition  percentages  at  sur¬ 
face,  mid-radius,  and  center  locations,  (b)  surface,  mid-radius, 
and  center  microcleanliness,  (c)  mid-radius  grain  size,  and  (d) 
mid-radius  microstructure  at  magnifications  of  100  and  1000. 

Acceptance  test  Sections  2  and  7  each  yielded  five  surface,  five 
mid-radius,  and  five  center  specimens  for. transverse  tenBile 
testing.  These  were  divided  into  groups  of  six  consisting  of 
a  single  surface,? mid-radius,  and  center  specimen  from  each  end 
of  the  billet.  Heat  treatment  of  each  group  was  varied  with 
respect  to  tempering  .temperature,  which  ranged  from  900  to  1000°F 
in  increments \ofj25“F.  Tempering  temperatures  were  varied  to 
establish  the  optimum  treatment  for  each  billet.  Specimens  were 
preheated  at  1400°F  (one  hour  at  temperature),  austenitized  at 
l850°F  (one  hour  at  temperature),  fan  air  cooled  while  tumbling, 
triple  tempered  followed  by  still  air  cooling  after  each  two- 
hour  temper  (at  temperature),  stress  relieved  at  650°F  for  three 
hours,  and  still  air  cooled  to  room  temperature. 

A  single  longitudinal  tensile  specimen  was  removed  from  the 
surface,  mid-radius,  and  center  locations  of  Sections  4  and  9. 
Heat  treatment  for  longitudinal  tensile  specimens  was  the  Bame 
as  for  transverse  specimens,  except  that  all  six  longitudinal 
specimens  were  given  a  925°F  triple  temper. 
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Sections  3  and  8  were  forged  down  to  a  four-inch  diameter 
round,  prepared  into  stepdown  bars,  and  magnetic  particle  in¬ 
spected  per  AMS-2300A.  Heat  treatment  after  rough  machining 
included  a  double  temper  at  1200° F  for  four  hours  each.  In¬ 
spected  surfaces  were  finish  machined  to  32  RMS. 

Longitudinal  macroetches  from  surface  to  billet  center  were 
prepared  from  Sections  5  and  10. 


Acceptance  test  results  for  the  air  melt-vacuum  arc  remelt 
billet  of  H-ll  steel  were  as  follows: 


Sonic  Test:  Satisfactory 


Macroetch:  Transverse  Section  from  Top  of  Ingot  — 

Figure  2 

Transverse  Section  from  Bottom  of  Ingot  — 
Figure  3 

Longitudinal  Section  from  Top  of  Ingot  and 
Bottom  of  Ingot  —  Figure  4 


Magnetic  Particle 

Inspection: _  (Forged  stepdown  bars  processed  per  AMS- 

2 300 A) 

Frequency/Severity  Rating  at  — 

Top  .00/. 00 

Bottom  .00/. 00 


Microstructure :  See  Figure  5 

Microcleanliness:  (ASTM  E45-51,  Method  "A") 

Surface,  mid-radius,  and  center  positions  in 
cross  section  at  top  and  bottom  of  billet 
exhibited  predominantly  oxide-type  inclusions. 
Thin  series  »  1.0.  Heavy  series  =  0.5.  These 
ratings  were  exceeded  only  at  the  top  mid¬ 
radius  position  where  thin  series  -  1.5  and 
heavy  series  =  1.0. 

Grain  Size:  (Mid-radius  position) 

Top  - Range  6-8,  Predominant  6 

Bottom-Range  6-8,  Predominant  7 
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FIGURE  2 

TRANSVERSE  MACROETCH  OF  BILLET  TOP  -- 
AIR  MELT-VACUUM  ARC  REMELT  HEAT  NO.  W-24341-1 
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FIGURE  3 

TRANSVERSE  MACROETCH  OF  BILLET  BOTTOM  -- 
AIR  MELT-VACUUM  ARC  REMELT  HEAT  NO.  W-24341-1 
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LONGITUDINAL  MACROETCH  AT  BILLET  TOP  AND  BOTTOM 
AIR  MELT-VACUUM  ARC  REMELT  HEAT  NO.  W-2 4341-1 


c 


( 


( 


Top  100X 

Etchant:  40  Nltal 


Top  1000X 


Bottom  100X 


Bottom  1000X 


FIOURE  5 

MID-RADIUS  MICROSTRUCTURE  AT  BILLET  TOP  AMD  BOTTOM 
AIR  MELT-VACUUM  ARC  REMELT  HEAT  NO.  W-24341-1 
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Chemistry: 


Location 

C 

Mn 

P  S 

Si 

N1 

Cr 

Mo 

Cu  V 

Top-Surface 

.39 

.22 

.007  .005 

.76 

.11 

5.10 

1.24  .08  .51 

Top-Mld-radius 

.42 

.22 

.007  .005 

.76 

.11 

5.12 

1.25  .08  .50 

Top-Center 

.40 

.23 

.007  .005 

.78 

.14 

5.16 

1.25  .08  .53 

Bottom-Surface 

.38 

.22 

.007  .005 

.75 

.12 

5.07 

1.21  .08  .52 

Bo 1 1  om-Mid -rad ius 

.38 

.22 

.007  .005 

.76 

.11 

5.06 

1.22  .08  .50 

Bottom-Center 

.385 

.22 

.007  .005 

.77 

.11 

5.08 

1.21  .07  .52 

Average  (Ladlsh 
Co.) 

.39 

.22 

.007  .005 

.76 

.11 

VJl 

• 

0 

VO 

1.23  .08  .52 

Average  (Mill) 

.38 

.23 

.006  .005 

.79 

5.01 

1.25 

.54 

Tensile  Tests:  (0. 505-inch  specimen,  7/8-inch  thread) 

Transverse  Specimens  —  l850°F  Austenitize,  900°F  Triple  Temper 


Ultimate  Strength  Reduction  In 

Location _ (psl) _ Area  (per  cent) 


Top-Surface 

316,500 

5.0 

Top-Mld-radius 

268,750 

1.9 

Top-Center 

251,250 

0.8 

Bottom-Surface 

298,500 

5.8 

Bottom-Mid-radlus 

296,800 

4.7 

Bottom-Center 

288,000 

3.2 

Transverse  Specimens  — 

1850°F  Austenitize,  925°P 

Triple  Temper 

Top-Surface 

302,500 

2.3 

Top -Mid -rad  ius 

278,750 

1.9 

Top-Center 

235,000 

0.8 

Bottom-Surface 

301,500 

4.7 

Bottom-Mid-radlus 

297,500 

4.0 

Bottom-Center 

280,800 

2.4 

Transverse  Specimens  — 

I85O0 F  Austenitize,  950° F 

Triple  Temper 

Top-Surface 

307,500 

5.4 

Top-Mld-radius 

239,500 

0.4 

Top-Center 

210,400 

1.2 

Bottom-Surface 

302,500 

12.1 

Bottom-Mid-radlus 

300,000 

6.2 

Bottom-Center 

294,400 

3.2 

Transverse  Specimens  — 

l850°F  Austenitize,  975°P 

Triple  Temper 

Top-Surface 

294,300 

11.9 

Top-Mld-radius 

287,500 

4.3 

Top-Center 

228,500 

1.4 

Bottom-Surface 

290,000 

8.1 

Bottom-Mid-radlus 

286,500 

7.7 

Bottom-Center 

282,500 

3.5 
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Transverse  Specimens  —  1850°P  Austenitize,  1000° P  Triple  Temper 


Location 


Ultimate  Strength 

.  (Pal) _ 


Reduction  In 
Area  (per  cent) 


Top-Surface  283,500 
Top-Mid-radius  286,500 
Top-Center  255,500 
Bottom-Surface  2o0,000 
Bottom-Mid -radius  280,000 
Bottom-Center  277 >000 


21.6 

3.2 

1.2 
14.5 
10.4 

4.7 


Longitudinal  Specimens  —  l850°P  Austenitize,  925°F  Triple  Temper 


Top-Surface  314 , 300 
Top-Mld-radius  295>600 
Top-Center  263,050 
Bottom-Surface  303 >200 
Bottom-Mid -radius  302,000 
Bottom-Center  300,000 


16.7 

2.4 

2.4 

12.9 


Acceptance  test  results  for  the  air  melt-degas -vacuum  arc  remelt 
billet  of  H-ll  steel  were  as  follows: 


Sonic  Test:  Satisfactory 

Macroetch:  Transverse  Section  from  Top  of  Ingot  — 

Figure  6 

Transverse  Section  from  Bottom  of  Ingot  — 
Figure  7 

Longitudinal  Section  from  Top  of  Ingot  and 
Bottom  of  Ingot  —  Figure  8 


Magnetic  Particle 

Inspection: _  (Forged  stepdown  bars  processed  per  AMS-2300A) 

Frequency/Severity  Rating  at  — 

Top  .02/.  07 

Bottom  .00/. 00 


Mlcrostructure :  See  Figure  9 

Microcleanliness :  (ASTM  E45~51>  Method  "A") 

Surface,  mid -radius,  and  center  positions  in 
cross  section  at  top  and  bottom  of  billet 
exhibited  predominantly  oxide-type  inclusions. 
Thin  series  -  1.0.  Heavy  series  -  0.5. 


Grain  Size:  (Mid -radius  position) 

Top  — -  Range  6-8,  Predominant  7 
Bottom  -  Range  6-8,  Predominant  7 
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LONGITUDINAL  MACROETCH  AT  BILLET  TOP  AND  BOTTOM  — 
AIR  MELT-DEGAS -VACUUM  ARC  REMELT  HEAT  NO.  W-24342-V1 


Top  100X 

Etchants  4j6  Nital 


Top  1000X 


Bottom  100X 


Bottom  1000X 


FIGURE  9 

MID-RADIUS  MICROSTRUCTURE  AT  BILLET  TOP  AND  BOTTOM  — 
AIR  MELT-DEGAS -VACUUM  ARC  REMELT  HEAT  W-24342-V1 
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Chemistry: 

Location 


C 


Mn _ P 


S  SI  N1  Cr  Mo  Cu  V 


.Top-Surface  .395 

.22  .007  .005  .76 

.12  5.10 

1.22  .07  .51 

Top-Mid-radius  .39 

.23  .007  .005  .75 

.12  5.09 

1.22  .07  .57 

Top-Center  . 39 

.23  .007  .005  .75 

.10  5.05 

1.22  .07  .48 

Bottom-Surface  . 365 

.20  .007  .005  .75 

.10  5.11 

1.20  .07  .50 

Bottom-Nld-radlus  . 38 

.20  .007  .005  .79 

.10  5.13 

1.21  .07  .49 

Bottom-Center  .39 

.20  .007  .005  .75 

.10  5.14 

1.22  .07  .49 

Average  (Ladlsh  .39 

.22  .007  .005  .76 

.10  5.10 

1.22  .07  .50 

Co. ) 

Average  (Mill)  .38 

.24  .006  .005  .77 

5.00 

1.26  .54 

Tensile  Tests:  (0. 505-inch  specimen.  7/8-inch  thread) 

Transverse  Specimens  — 

185O ®F  Austenitize 

,  900°F  Triple  Temper 

Ultimate  Strength 

Reduction  in 

Location 

(psi) 

Area  (per  cent) 

Top-Surface 

307,100 

6.7 

Top-Mid-radius 

303,750 

5.4 

Top-Center 

288,200 

4.0 

Bottom-Surface 

300,000 

16.1 

Bot tom-Mld -radius 

305,000 

5.0 

Bottom-Center 

287,500 

2.3 

Transverse  Specimens  — 

1850 *F  Austenitize 

,  925°F 

Triple  Temper 

Top-Surface 

298,750 

3.5 

Top-Mid-radius 

293,200 

3.2 

Top-Center 

298,800 

4.7 

Bottom-Surface 

304,375 

13.4 

Bottom-Mid-radius 

303,800 

3.6 

Bottom-Center 

300,500 

3.1 

Transverse  Specimens  — 

l850°F  Austenitize 

,  950 °F 

Triple  Temper 

Top-Surface 

303,900 

5-9 

Top -Mid -rad  ius 

308,200 

7.8 

Top-Center 

296,250 

3.9 

Bottom-Surface 

301,250 

15.6 

Bottom-Mid-radius 

302,500 

9.2 

Bottom-Center 

288,800 

1.6 

Transverse  Specimens  — 

l850#F  Austenitize 

,  975#F 

Triple  Temper 

Top-Surface 

297,500 

7.0 

Top-Mid-radius 

300,000 

5.8 

Top-Center 

291,800 

5.2 

Bottom-Surface 

295,000 

13.7 

Bottom-Mid-radius 

291,250 

4.3 

Bottom-Center 

299,300 

3.? 
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Transverse  Specimens  — 

Location 

1850° P  Austenitize, 

Ultimate  Strength 

(psi) 

1000* F  Triple  Temper 

Reduction  in 
Area  (per  cent) 

Top-Surface 

286,500 

5.8 

Top-Mid-radlus 

287,500 

9.2 

Top-Center 

285,000 

5.8 

Bottom-Surface 

283,500 

28.2 

Bottom-Mid-radius 

281,000 

15.2 

Bottom-Center 

288,500 

5.0 

Longitudinal  Specimens 

—  1850° P  Austenitize 

,  925°P  Triple  Temper 

Top-Surface 

301,500 

12.2 

Top-Mid-radius 

308,000 

5.3 

Top-Center 

305,500 

5.5 

Bottom-Surface 

302,500 

14.8 

Bottom-Mid-radius 

302,200 

8.2 

Bottom-Center 

308,750 

3.5 

Acceptance  test  results  for  the  air  melt-double  vacuum  arc 


remelt  billet  of  H-ll  steel  were  as  follows: 


Sonic  Test:  Satisfactory 

Macroetch:  Transverse  Section  from  Top  of  Ingot  — 

Figure  10 

Transverse  Section  from  Bottom  of  Ingot  — 
Plgure  11 

Longitudinal  Section  from  Top  of  Ingot  and 
Bottom  of  Ingot  —  Plgure  12 


Magnetic  Particle 

Inspection: _  (Forged  stepdown  bars  processed  per  AMS-2300A) 

Frequency/Severity  Rating  at  — 

Top  .00/. 00 

Bottom  .00/.'00 


Microstructure :  See  Plgure  13 

Mlcrocleanllnese :  (ASTM  E45-51,  Method  "A") 

Surface,  raid -radius,  and  center  positions  In 
cross  section  at  top  and  bottom  of  billet 
exhibited  predominantly  oxide-type  inclusions. 
Thin  series  ■  1.0  to  1.5.  Heavy  series  - 
0.5. 


drain  Slzet 


(Mid-radius  position) 

Top  - —  Range  5-8,  Predominant  7 
Bottom  -  Range  6-8,  Predominant  7 
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FIGURE  10 

TRANSVERSE  MACROETCH  OF  BILLET  TOP  -- 
AIR  MELT-DOUBLE  VACUUM  ARC  REMELT  HEAT  NO.  W-2439I-2 


0.997*3 

FIGURE  11 

TRANSVERSE  MACROETCH  OF  BILLET  BOTTOM  -- 
AIR  MELT-DOUBLE  VACUUM  ARC  REMELT  HEAT  NO.  W-24341-2 
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LONGITUDINAL  MACROETCH  AT  BILLET  TOP  AND  BOTTOM  — 
AIR  MELT-DOUBLE  VACUUM  ARC  REMELT  HEAT  NO.  W-24341-2 


Chemistry : 


Location _  C  Mn  P  S  Si  Ni  Cr  Mo  Cu  V 


.Top-Surface 

.40  .20 

.010 

.006  .76 

.10 

5.15 

1.24  .07  .51 

Top-Mid-radius 

.40  .20 

.010 

.006  .74 

.12 

5.14 

1.25  .07  .52 

Top-Center 

.41  .20 

.010 

.006  .73 

.11 

5.15 

1.24  .07  .52 

Bottom-Surface 

.37  .20 

.010 

.006  .73 

.10 

5.10 

1.23  .07  .52 

Bottom-Mid -radius 

.39  .29 

.010 

.006  .73 

.10 

5.12 

1.24  .07  .52 

Bottom-Center 

.38  .29 

.010 

.006  .71 

.09 

5.10 

1.22  .06  .50 

Average  (Ladlsh 

Co. ) 

.39  .22 

.010 

.006  .73 

.10 

5.12 

1.24  .07  .52 

Average  (Mill) 

.39  .20 

.006 

.005  .77 

5.02 

1.22  .55 

Tensile  Teats:  (0. 505-inch  specimen,  7/8-inch  thread) 

Transverse  Specimens  —  l850°P  Austenitize,  900°P  Triple  Temper 


Location 

Ultimate  Strength  Reduction  in 

(psi)  Area  (per  cent) 

Top-Surface 

285,000 

2.7 

Top-Mid-radius 

300,500 

4.0 

Top-Center 

227,000 

1.1 

Bottom-Surface 

289,300 

2.0 

Bottom-Mid -radius 

280,300 

4.4 

Bottom-Center 

269,200 

2.0 

Transverse  Specimens  — 

l850°F  Austenitize,  925°? 

Triple  Temper 

Top-Surface 

291,500 

1.9 

Top-Mid-radius 

313,200 

6.3 

Top-Center 

268,200 

1.9 

Bottom-Surface 

296,250 

4.3 

Bot  tom-Mld -radius 

297,200 

4.4 

Bottom-Center 

288,100 

2.4 

Transverse  Specimens  — 

l850°P  Austenitize,  950°P 

Triple  Temper 

Top-Surface 

295,500 

7.6 

Top-Mid-radius 

307,400 

8.2 

Top-Center 

296,400 

7.8 

Bottom-Surface 

297,000 

5.9 

Bottom-Mid-radius 

291,000 

4.0 

Bottom-Center 

293,200 

4.4 

Transverse  Specimens  — 

1850* P  Austenitize,  975*P 

Triple  Temper 

Top-Surface 

288,150 

7.5 

Top-Mid-radius 

300,500 

5.1 

Top-Center 

288,300 

3.6 

Bottom-Surface 

285,400 

5.9 

Bottom-Mid-radius 

200,000 

11.1 

Bottom-Center 

285,800 

4.4 
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Transverse  Specimens.  —  1850° P  Austenitize,  1000#F  Triple  Temper 


Ultimate  Strength  Reduction  in 

Location _ (psl) _ Area  (per  cent) 


Top-Surface 

281,500 

17.4 

Top-Mid-radius 

289,400 

5.1 

Top-Center 

279,000 

3.1 

Bottom-Surface 

269,200 

2.4 

Bottom-Mid -radius  293 ,200 

14.9 

Bottom-Center 

280,400 

5.9 

Longitudinal  Specimens  —  l850°P  Austenitize,  925°P  Triple  Temper 

Top-Surface 

311,250 

16.3 

Top-Mid-radius 

314,300 

5.9 

Top-Center 

304,500 

4.0 

Bottom-Surface 

300,000 

6.6 

Bottom-Mid-radius  307*500 

7.0 

Bottom-Center 

293,500 

5.1 

Acceptance  test  results  for  the  vacuum  induction  melt-vacuum  arc 

remelt  billet  of  H- 

>11  steel  were  as  follows: 

Sonic  Test: 

Satisfactory 

Macroetohi 

Transverse  Section  from  Top  of  Ingot  — 

Figure  14 

Transverse  Section  from  Bottom  of  Ingot  — 

Figure  15 

Longitudinal  Section  from  Top  of  Ingot  and 

Bottom  of  Ingot  —  Figure  16 

Magnetic  Particle 
Inspection: 

(Forged  stepdown  bars  processed  per  AMS-2300A) 

Frequency-Severity  Rating  at 

~ 

Top  .00/.00 

Bottom  .00/.  00 

Micros true ture : 

See  Figure  17 

Micro cleanline s s : 

(ASTM  E45-51,  Method  "A") 

Surface,  mid-radius,  and  center  positions  In 
cross  section  at  top  and  bottom  of  billet 
exhibited  predominantly  oxide-type  inclusions. 
Thin  series  -  0.5  to  1.0.  Heavy  series  -  0.5. 

drain  Size:  (Mid -radius  position) 

Top  -  Range  6-8,  Predominant  7 

Bottom  -  Range  6-8,  Predominant  7 
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FIGURE  14 

TRANSVERSE  MACROETCH  OF  BILLET  TOP  — 

VACUUM  INDUCTION  MELT-VACUUM  ARC  REMELT  HEAT  NO.  W-24403-1 
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LONGITUDINAL  MACROETCH  AT  BILLET  TOP  AND  BOTTOM  — 
VACUUM  INDUCTION  MELT-VACUUM  ARC  REMELT  HEAT  NO.  W-24403- 


Top  100X  Top  1000X 

Etchant:  Nital 


Bottom  100X  Bottom  1000X 


FIGURE  17 


MID-RADIUS  MICROSTRUCTURE  AT  BILLET  TOP  AND  BOTTOM  — 
VACUUM  INDUCTION  MELT-VACUUM  ARC  REMEM?  HEAT  NO.  W-244Q3-1 
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Chemistry : 


Location _ 

Top-Surface 

Top-Mid-radius 

Top-Center 

Bottom-Surface 

Bottom-Mld-radius 

Bottom-Center 

Average  (Ladlsh 
Co. ) 

Average  (Mill ) 


c 

Mn 

P 

S 

SI 

39 

.18 

.005 

.005 

•  75 

4o 

.17 

.004 

.005 

.77 

405 

.18 

.005 

.005 

.75 

395 

.18 

.005 

.005 

.75 

4l 

.15 

.004 

.005 

.75 

40 

.18 

.005 

.005 

.75 

.40 

.18 

.005 

.005 

.75 

,42 

.20 

.005 

.004 

.81 

Ni 

Cr 

Mo 

Cu 

V 

.20 

5.15 

1.29 

.02 

.46 

.21 

5.12 

1.29 

.02 

.45 

.20 

5.10 

1.26 

.02 

.45 

.20 

5.12 

1.28 

.02 

.47 

.20 

5.15 

1.28 

.02 

.46 

.20 

5.15 

1.28 

.02 

.46 

.20 

5.12 

1.28 

.02 

.46 

5.04 

1.31 

.47 

Tensile  Tests:  (0. 505-lnch  specimen,  7/8-inch  thread) 

Transverse  Specimens  —  l850°F  Austenitize,  900°F  Triple  Temper 


Location 

Ultimate  Strength 

(psl)  _ 

Reduction  in 
Area  (per  cent) 

Top-Surface 

278,800 

4.4 

Top-Mid-radius 

281,300 

7.0 

Top-Center 

290,000 

6.2 

Bottom-Surface 

291,500 

10.4 

Bottom-Mld-radius 

288,500 

8.9 

Bottom-Center 

282,500 

5.0 

Transverse  Specimens  — 

1850* P  Austenitize, 

925°P  Triple  Temper 

Top-Surface 

288,750 

10.0 

Top-Mid-radius 

283,750 

8.9 

Top-Center 

290,000 

9.6 

Bottom-Surface 

285,000 

9.2 

Bottom-Mld-radius 

291,250 

9.7 

Bottom-Center 

284,300 

10.8 

Transverse  Specimens  —  l850°F  Austenitize,  950°F  Triple  Temper 


Top-Surface 

302,500 

18.4 

Top-Mid-radius 

287,500 

11.5 

Top-Center 

301,250 

7-7 

Bottom-Surface 

291,250 

14.8 

Bottom-Mld-radius 

295,000 

15.6 

Bottom-Center 

289,300 

15.3 

Transverse  Specimens  —  l850°F  Austenitize,  975°?  Triple  Temper 


Top-Surface 

291,000 

22.7 

Top-Mid-radius 

294,250 

l4.o 

Top-Center 

286,500 

14.8 

Bottom-Surface 

288,000 

21.3 

Bottom-Mld-radius 

285,750 

22.3 

Bottom-Center 

293,250 

17.7 

Transverse  Specimens  —  l850#F  Austenitize,  1000#F  Triple  Temper 


Ultimate  Strength 

Reduction  in 

Location 

(psi) 

Area  (per  cent) 

Top-Surface 

282,400 

25.6 

Top-Mid -radius 

286,750 

25.8 

Top-Center 

277*000 

14.5 

Bottom-Surface 

282,000 

33.1 

Bottom-Mid-radius 

284,000 

24.1 

Bottom-Center 

284,000 

23.7 

Longitudinal  Specimens  - 

-  l850°F  Austenitize, 

925°F  Triple  Temper 

Top-Surface 

305,000 

20.6 

Top-Mid-radius 

301,250 

6.6 

Top-Center 

300,000 

5.4 

Bottom-Surface 

296,500 

19.2 

Bottom-Mid-radius 

305,000 

12.2 

Bottom-Center 

306,250 

8.5 

Mill-reported  values  for 

ultimate  strength  and  per  cent  reduction 

in  area  on  the  basis  of 

mid-radius  transverse 

test  specimens 

given  a  975#F  triple  temper  were  as  follows: 

Air  Melt-Vacuum  Arc  Remelt  Material 

Ultimate  Strength 

Reduction  in 

Location 

(psi) 

Area  (per  cent) 

Top-Mid-radius 

306,000 

4 

30S,000 

304,000 

l 

302,000 

9 

Bottom-Mid-radius 

301,000 

10 

303,000 

12 

303,000 

304,000 

10 

9 

Air  Melt-Vacuum  Degas-Vacuum  Arc  Remelt  Material 

Top -Mid - rad ius 

304,000 

6 

301,000 

11 

306,000 

8 

304,000 

7 

Bottom-Mid-radius 

302,000 

7 

304,000 

9 

304,000 

8 

305,000 

9 
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Air  Me It -Double  Vacuum  Arc  Remelt  Material 


Ultimate  Strength  Reduction  In 

Location _ (Pal) _ Area  (per  cent) 


Top-Mid -radius 

305,000 

304,000 

6 

9 

306,000 

7 

305,000 

6 

Bottom-Mid-radius 

303,000 

5 

306,000 

10 

304,000 

8 

305,000 

7 

Vacuum  Induction  Melt-Vacuum  Arc  Remelt  Material 


Top-Mid-radius 

314,000 

13 

316,000 

13 

308,500 

16 

312,000 

15 

Bottom-Mid-radius 

312,500 

19 

320,000 

24 

314,500 

22 

312,000 

20 

Comparison  of  acceptance  test  results  for  each  process  variation 
resulted  In  the  following  preliminary  observations: 

1.  The  vacuum  induction  melted-vacuum  arc  remelted  material 
appeared  to  provide  substantially  higher  ductility  in 
both  longitudinal  and  transverse  directions  than  the 
other  three  melting  process  variations. 

2.  The  air  melted-double  vacuum  arc  remelted  material  ap¬ 
peared  to  possess  the  lowest  ductility. 

3.  Based  upon  both  longitudinal  and  transverse  ductility, 
the  apparent  order  of  preference  was  (a)  vacuum  induction 
melt-VAR,  (b)  air  melt-vacuum  degas-VAR,  (c)  air  melt- 
VAR,  and  (d)  air  melt-double  VAR. 

4.  The  air  melt-VAR  and  air  melt-vacuum  degas-VAR  materials 
appeared  to  demonstrate  a  more  erratic  strength-ductility 
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relationship  than  the  vacuum  Induction  melt-VAR  and  air 
melt-double  VAR  materials. 

5.  The  vacuum  induction  melt-VAR  billet  evidenced  the  most 
uniform  macroetch  appearance  in  full  transverse  cross 
section  as  seen  in  Figures  14  and  15 .  The  air  melt- 
double  VAR  billet  displayed  the  least  uniform  transverse 
macroetch  appearance,  particularly  at  the  bottom  loca¬ 
tion  shown  in  Figure  11.  Although  Figure  11  established 
that  the  bottom  of  the  double  remelt  billet  did  not 
meet  the  macroetch  acceptance  requirement  of  a  three-or- 
better  reading  on  the  Ladlsh  Co.  Freckle  Rating  Chart, 
a  decision  against  rejecting  part  of  the  bottom  portion 
of  the  billet  was  made  for  two  reasons. 

The  minimal  length  of  the  double  consutroded  billet 
(shortest  of  tne  four  billets  received)  did  not  provide 
any  allowance  for  rejecting  end  material  without  reduc¬ 
ing  the  number  of  billet  sections  and  test  specimens 
which  had  been  preplanned  for  the  testing  program.  ’In 
addition,  it  was  felt  that  existence  of  some  material 
with  greater  than  the  desired  degree  of  chemical  segre¬ 
gation,  as  indicated  by  failure  to  conform  to  the  macro¬ 
etch  requirement,  would  serve  to  extend  slightly  the 
range  of  quality  levels  under  investigation.  Therefore, 
it  was  decided  that  all  of  the  double  VAR  material  re¬ 
ceived  should  be  tested. 

6.  A  950#F  tempering  temperature  appeared  to  be  optimum  for  all 
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four  remelt  process  variations  from  the  standpoint  of 
developing  maximum  ductility  at  the  300  Ksl  strength 
level.  Mill-reported  strength  values  (mid-radius  speci¬ 
mens  given  a  975°F  temper)  exceeded  comparable  Ladish  Co. 
acceptance  test  results  which  were  predominantly  below 
300  Ksl.  The  950°P  temper  increased  the  number  of 
values  at  a  300  Ksl  strength  level. 

7.  Mill  test  results  confirmed  the  Contractor's  findings 
of  superior  ductility  in  the  vacuum  induction  melt- 
VAR  processed  material. 

8.  The  carbon  content  of  air  melt-VAR,  air  me It -degas -VAR, 
and  air  melt-double  VAR  heats  of  material  (all  produced 
from  the  same  master  air  melt  heat)  tended  toward  the 
low  side  of  the  specified  range  of  carbon  contents. 

The  carbon  content  of  the  vacuum  induction  melt-VAR 
material  was  on  the  high  side  of  the  specified  range, 
but  manganese  and  vanadium  were  on  the  low  side.  Nickel 
content  of  the  vacuum  induction  melt-VAR  heat  was  higher 
than  that  in  the  other  three  varieties  of  material. 

The  photomicrographs  in  Figures  5,  9,  13,  and  17  show  the  as- 
received  micro structure  of  each  of  the  four  billets  at  top  and 
bottom  extremities  under  magnifications  of  100  and  1000.  All 
specimens  are  from  mid-radius  locations  with  respect  to  billet 
cross  section. 

The  thermal  processing  of  all  four  billets  at  the  mill  subsequent 
to  press  forging  consisted  of  a  spheroidize  anneal  treatment 
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(slow  cooling  at  a  rate  of  25°F  per  hour).  Consequently,  ob¬ 
served  differences  in  microstructure  may  be  attributed  to  melt 
process  variations,  particularly  since  the  air  melt-VAR,  air 
me It -degas -VAR  and  air  melt-double  VAR  billets  all  originated 
from  the  same  master  air  melt  heat  of  electric  furnace -produced 
material . 

At  100X,  noticeable  light  and  dark  etching  bands  or  areas  may 
be  observed  at  both  the  top  and  bottom  locations  in  the  air 
melt-VAR  billet.  Figure  5J  at  the  bottom  location  in  the  air 
melt-degas-VAR  billet.  Figure  9 i  and  to  a  lesser  degree  at  the 
top  location  in  the  double  VAR  billet.  Figure  13.  Furthermore, 
at  100X  the  bottom  location  in  Figure  5  and  the  top  and  bottom 
locations  in  Figure  13  evidence  of  considerable  grain  boundary 
precipitation  may  be  observed.  This  condition  appears  to  be 
most  continuous  at  the  bottom  location  in  the  double  VAR  billet 
as  shown  in  Figure  13. 

At  1000X,  considerable  evidence  of  well-spheroidized  particles 
may  be  observed  in  all  figures.  However,  dispersion  appears  to 
be  least  uniform  in  the  air  melt-double  VAR  billet.  Here, 
spheroidization  appears  the  least  complete,  since  numerous 
grain  boundaries  exhibit  heavy  and  nearly  continuous  precipitate 
accumulations.  The  air  melt-VAR  billet  is  Judged  to  show  the 
most  uniform  dispersion. 
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E.  Material  Processing 

Subsequent  to  the  evaluation  of  acceptance  test  results,  each 
of  the  four  vacuum  arc  remelt  billets  was  sectioned  and  sub¬ 
sectioned  as  shown  In  Figure  18  In  order  to  provide  928  tensile 
test  specimen  blanks  per  billet. 

The  16  major  billet  sections  were  removed  progressively  from 
the  top  and  bottom  billet  extremities  and  were  Identified  with 
an  alpha  code  which  was  preserved  throughout  subsequent  pro¬ 
cessing  and  tensile  testing.  Sectioning  of  billets  In  a  manner 
which  located  any  excess  material  at  the  center  of  the  billet 
length,  rather  than  at  the  top  or  bottom  end,  provided  for  an 
evaluation  of  data  on  the  most  comparable  basis  practicable. 

To  further  Insure  representative  sampling  of  the  billet  mater¬ 
ial,  the  specimen  location  layout  was  rotated  90  degrees  for 
each  successive  billet  section  from  top  to  bottom  of  the  billet, 
thereby  avoiding  specimen  repetition  on  the  same  side  of  succes¬ 
sive  sections.  Distribution  of  the  58  blanks  removed  from  each 
of  the  16  major  sections  of  each  billet  with  respect  to  speci¬ 
men  type,  direction,  location,  and  code  number  is  shown  in 
Table  II. 

Six  hundred  and  forty  smooth  and  288  notched  tensile  specimens 
were  prepared  from  each  billet.  Both  smooth  and  notched  speci¬ 
mens  were  of  the  threaded,  l/2-inch  diameter  variety.  The 
stress  concentration  factor  for  the  notched  specimens  was  K^«  ■  5, 
Additional  specimen  details  are  shown  in  Figure  19. 

Test  blanks  were  center-drilled  and  rough-machined  to  0.100-inch 
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TABLE  II 


TENSILE  SPECIMEN  IDENTITY  AND  DISTRIBUTION  IN 
EACH  MAJOR  BILLET  SECTION 


SECTION 

IDENTITY 


SMOOTH  SPECIMENS 


longitudinal!  TRANSVERSE 


b  a) 

4)  U 

P  I 

C 

«  2 


Sub-Section  1 
(12  Specimens) 


Sub-Section  2 
(12  Specimens) 


Sub-Section  3 
(12  Specimens) 


Sub-Seotion  4 
(22  Specimens) 


•d  e 
k  a)  o 

4)  a) 

•P  I  <n 

C  T>  B 

8  U  & 


55  415  145 
75  425  155 
435  165 
455  185 
465 
475 
495 
505 
515 


TOTALS 


NOTCHED  SPECIMENS 


LONGITUDINAL  TRANSVERSE 


6l4  224  024 
234  034 


304  084 


645  405  135 
665  445  175 


2  3  2  2  6  3 
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SMOOTH  TE.NSILC.  SPE.CIMCN 


PIOURE  19 

SMOOTH  AND  NOTCHED  TENSILE  SPECIMEN  DESIGN 
FOR  H-ll  STEEL  TESTED  B 5f  CONTRACTOR 


oversize  prior  to  heat  treatment.  For  heat,  treat  control  pur¬ 
poses,  one-inch  square  hardness  blocks  were  prepared  from 
billet  material  at  locations  adjacent  to  the  end  of  surface  and 
mid-radius  notched  specimens.  The  heat  treatment  of  the  3712 
rough-machined  test  blanks  and  associated  hardness  blocks  con¬ 
sisted  of  austenitizing,  forced-air  quenching  to  harden,  and 
triple  tempering.  Since  it  was  deemed  desirable  to  limit  the 
influence  of  unavoidable  variations  in  treatment  conditions 
upon  the  response  of  the  specimen  blanks  to  the  austenitize-and 
harden  cycle,  the  test  blanks  were  regrouped  for  this  operation 
The  928  rough-machined  test  blanks  and  116  hardness  blocks  from 
each  of  the  four  billets  wei’e  arranged  into  58  separate  groups 
consisting  of  one  tensile  blank  from  each  of  the  16  billet 
sections  and  two  hardness  test  blocks  representing  material 
from  the  top  and  bottom  of  the  billet.  The  effect  of  this 
arrangement  was  to  minimize  the  influence  of  any  deviation  in 
heat  treat  response  which  might  result  from  a  slight  variation 
in  conditions  from  charge  to  charge. 

In  addition  to  the  normal  electric  furnace  temperature  control 
system,  an  auxiliary  temperature  recorder  and  separate  thermo¬ 
couple  were  used  with  each  charge  to  ensure  exactness  of  tem¬ 
perature  and  time  at  temperature. 

The  austenltize-and-harden  treatment  given  the  above  58  groups 
of  specimens  from  each  billet  was  Identical  for  each  melt 
practice,  specifically: 

1.  Pre-heat  at  l400#F  for  one  hour  (at  temperature). 

2.  Austenitize  at  l850*F  for  one  hour  (at  temperature), 

3.  Forced-air  quench  to  less  than  150°F, 
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The  ooollng  devices  used  for  the  forced-air, quench  portion  of 
the  treatment  oonsieted  of  a  motorized  wire  mesh  drum  which 
rotated  at  10  revolutions  per  minute  and  a  centrifugal  fan  with 
a  oapaoity  of  approximately  700  cubic  feet  per  minute.  The 
output  of  the  fan  was  directed  through  the  mesh  toward  the 
oenter  of  the  drum  to  ensure  rapid,  uniform  cooling  of  speci¬ 
mens  as  they  were  tumbled. 

After  the  above  treatment  had  been  applied  to  specimens  and 
hardness  blocks,  all  464  hardness  blocks  were  processed  and 
tested  to  determine  the  effectiveness  of  the  hardening  operation. 

The  37^2  specimens  and  464  hardness  blocks  were  subsequently 
processed  through  the  tempering  operations  in  groups  of  16 
specimens  and  two  hardness  blocks  from  each  billet.  First, 
seoond,  and  third  temper  operations  were  each  performed  at 
950*F  for  two  hours  (at  temperature)  followed  by  still-air 
ooollng  to  room  temperature.  Hardness  blocks  were  reprocessed 
and  tested  after  the  second  and  third  temper  operations. 

Critical  sections  of  all  test  specimens  were  ground  to  final 
dimensions.  All  smooth  contour  grinding  was  done  with  a  Norton 
Model  Type  0,  six  by  18-inch  cylindrical  grinder  operating  with 
a  work  head  speed  of  530  RPM,  and  a  Norton  Grade  57A  60  L5VBE 
wheel  at  6f>00  surface  feet  per  minute.  Wheel  form  was  maintain¬ 
ed  by  crushing  as  neoessary,  Texas  Oil  Company  Soluble  CX,  a 
water-soluble  oil,  was  employed  as  coolant. 

The  gauge  length  of  the  smooth  tensile  specimens  was  polished 
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with  No,  320  Abrasive  oloth  strips.  Conformance  to  dimensional 
speoifioations  was  verified  by  use  of  a  Jones  ft  Lams on  Model 
BO  14  optioal  comparator  at  62.3  magnification. 

Residual  stresses  resulting  from  grinding  and  polishing  were 
subsequently  relieved  by  a  3-hour  thermal  treatment  at  650*7. 
Specimens  were  then  air  oooled  to  room  temperature. 

All  tensile  specimens  were  tested  on  Baldwin-Lima-Hamilton 
hydraulically-loaded  tensile  machines  of  120,000  and  300,000- 
pound  capacities,  with  the  lesser  capacity  machine  used  to 
test  the  notched  tensile  specimens.  Loading  rate  used  for 
both  smooth  and  notched  specimens  was  75,000  psl  per  minute 
to  yield,  with  no  increase  in  load  thereafter  to  failure. 
Testing  rates  and  methods  were  within  the  limits  specified  for 
Method  211  in  Federal  Test  Method  Standard  No,  151. 

All  fraotured  specimens  were  identified  and  stored.  Data  from 
each  test  was  punohed  into  an  IBM  card  and  processed  for  sta¬ 
tistical  analysis.  Machine  tabulations  of  arrayed  data  are 
presented  in  Appendices  I  through  IV. 


III.  DATA  PROCESSING 


All  tensile  test  data  was  thoroughly  soreened  for  aocuraoy  and 
completeness  of  property  values  as  developed.  A  few  tests,  in 
whloh  specimens  failed  In  the  threads,  or  In  whloh  deviations 
from  established  prooeselng  or  testing  procedures  ooourred,  were 
voided  In  their  entirety.  In  some  Instances  only  a  portion  of 
the  data  to  be  derived  from  a  single  specimen  could  be  reported. 
Por  example,  extenaometer  difficulties  or  slippage  occasionally 
resulted  In  the  necessity  for  voiding  a  yield  strength  value. 
Similarly,  inability  to  recover  all  speolmen  fragments  after 
fraoture  made  it  impossible  to  report  elongation  and/or  reduc¬ 
tion  in  area  values  in  other  instances.  The  amount  of  data 
whloh  oould  not  be  reported  because  of  all  such  oauses  comprised 
a  very  small  percentage  of  the  total  data  oolleoted.  Of  the 
2$60  smooth  tensile  tests  performed,  only  14  ultimate  strength 
values  and  15  reduction  in  area  values  were  lost.  With  notched 
speolmens,  the  percentage  was  even  less  significant.  Ultimate 
strength  values  were  reported  for  all  but  two  of  the  1152  notohed 
speolmens  tested.  The  notched/smooth  strength  ratio  could  not 
be  oomputed  for  10  specimens,  however,  beoause  of  the  lack  of 
associated  smooth  ultimate  strength  values. 

All  acceptable  data  was  translated  onto  punched  IBM  cards.  Test 
results  and  pertinent  identifying  information  whloh  would  facili¬ 
tate  statistical  evaluation  of  the  ef foots  of  (a)  melt  prooess 
variation,  (b)  specimen  direction,  (0)  speolmen  type,  (d)  speol¬ 
men  looatlon  with  respect  to  billet  length,  and  (e)  specimen 
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Booh  data  oard  was  processed  through  a  verifier  by  a  second  opera¬ 
tor  to  ensure  the  aoouraoy  of  data  to  be  analyzed.  A  tabulated 
runoff  of  each  test  result  was  printed  by  an  IBM  407  aooountlng 
maohlne.  Ttoe  runoff  was  given  a  critical  review  to  provide 
further  assurance  of  the  aoouraoy  of  data  to  be  analysed  statis¬ 
tically. 

At  this  point,  ultimate  strength  values  from  adjacent  notohed 
and  smooth  specimens  were  reproduced  Into  a  new  deok  of  IBM  oards 
whloh  was  subsequently  processed  by  an  IBM  1401  computer  to  pro¬ 
vide  the  notohed/smooth  ratio.  This  value  was  then  reproduced 
on  the  IBM  oard  originally  prepared  for  eaoh  notohed  speolmen. 

The  928  oards  for  eaoh  of  the  four  melt  processes  then  were  re¬ 
sorted  by  speolmen  type  (smooth  and  notohed),  dlreotlon  (trans¬ 
verse  and  longitudinal),  and  looatlon  (surface,  mld-radlus,  and 
oenter)  In  eaoh  of  the  16  billet  sections  and  the  Information 
was  listed  by  the  IBM  407  accounting  maohlne  for  subsequent  re¬ 
production  as  Appendices  I  through  IV,  provided  at  the  end  of 
this  report.  Eaoh  of  these  four  appendices,  ooverlng  all  test 
data  developed  for  one  of  the  four  remelt  prooess  variations 
studied.  Is  subdivided  Into  four  seotlons  containing  data  from 
the  appropriate  heat  for  (l)  smooth  transverse,  (2)  smooth  longi¬ 
tudinal,  (3)  notohed  transverse,  and  (4)  notohed  longitudinal 
specimens,  respectively. 

All  data  was  re-run  on  the  IBM  407  to  provide  sub-totals  of 
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property  values  by  Individual  billet  section  and  to  total  these 
property  values  across  each  entire  billet.  Totals  were  used  to 
calculate  arithmetic  mean  (£)  and  range  (r)  values  for  each 
billet  seotlon.  Values  were  subsequently  plotted  in  the  form  of 
oontrol  oharts,  provided  in  Appendix  VI,  to  illustrate  the  vari¬ 
ation  of  meohanioal  property  data  from  top  to  bottom  of  each 
billet.  Upper  and  lower  control  values  given  on  each  chart  in 
Appendix  VX  represent  the  three  sigma  limits  of  the  average  mean 
ft  or  average  range  (IT)  of  specific  property  variables  (yield 
and  ultimate  strength,  elongation,  reduction  in  area,  notched 
strength  and  notched/smooth  ratio).  The  oontrol  charts  indicate 
the  relative  degree  of  control  provided  by  each  melting  praotice 
for  eaoh  property  variable. 

Next,  IBM  test  data  cards  for  each  mill  praotice  were  re-sorted 
by  speolmen  type  (smooth  and  notched),  direction  (transverse  and 
longitudinal),  and  location  (surface,  mid-radius,  and  center)  in 
eaoh  billet  without  regard  for  individual  billet  seotlon.  nils 
arrangement  was  accomplished  to  permit  a  distribution  analysis 
and  the  calculation  of  statistical  criteria  for  subsequent  evalu¬ 
ation..  Xt  provided  the  following  breakdown! 


SMOOTp  (640) 


LONGITUDINAL  (240 ) 


r 


SURFACE  MID-RADIUS  01 _ 

(64)  (144)  (32) 


rcviRs: 


TRANSVERSE  (400 ) 


1 


ENTER  SURFACE  MID-RADIUS  CENTER 
(144)  (224)  (32) 
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t 


( 


i  ( 

I 

I 


LONOITUDINAL  (112) 


NOTCHED  (288) 


SURFACE 

(32) 


MID-RADIUS 

(48) 


TRANSVERSE  (176) 


CENTER 

(32) 


I - 

SURFACE 

(48) 


MID-RADIUS 

(96) 


- 1 

CENTER 

(32) 


The  original  IBM  data  cards  were  next  reproduced  to  establish 
separate  deoks  for  each  of  the  following  tensile  properties » 

(l)  smooth  specimen  ultimate  strength,  (2)  smooth  specimen  per 
cent  reduction  In  area,  (3)  notched  specimen  ultimate  strength, 
and  (4)  notohed/smooth  strength  ratio.  Card  format  employed 
was  that  required  for  processing  data  on  an  IBM  1620  computer. 

The  1620  computer  program  was  obtained  from  IBM's  General  Pro¬ 
gram  Library  and  Is  entitled  DISTAT  (Distribution  of  Statistics) 

1 

6.0.012.  The  decks  were  prepared  so  as  to  permit  Initial  pro¬ 
cessing  on  the  basis  of  the  smallest  groups  first.  Then  by 
combining,  groups  were  reprocessed  to  evaluate  broader  conditions. 
In  this  manner  a  total  of  36  groups  per  heat,  or  a  total  of  144 
groups  In  all,  were  statistically  analyzed. 

The  36  groups  from  each  billet  actually  represented  nine  combina¬ 
tions  of  material  variables  for  both  smooth  and  notched  specimens 
(longitudinal  surface,  mld-radlus,  and  center.  Individually  and 
combined  (four  groups);  transverse  surface,  mld-radlus,  and 
center,  also  Individually  and  combined  (four  more  groups);  and 
combined  transverse  and  longitudinal  (ninth  group)).  Slnoe  two 

I  Developed  by  H.  S.  Anderson,  Sandla  Corporation,  Albuquerque, 
N.M, 
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test  variables  were  also  represented  (ultimate  strength  and  per 
oent  reduction  In  area  for  smooth  specimens,  and  ultimate  strength 
and  notohed/smooth  ratio  for  notched  specimens),  the  arrangement 
comprised  18  groups  of  data  for  each  type  of  speolmen  (smooth 
and  notched),  or  a  total  of  36  groups  of  data  per  heat. 

In  addition  to  statistical  criteria  determined  by  the  IBM  1620 
computer  for  each  group  of  data.  Including  frequency,  arithmetic 
mean,  standard  deviation,  variance  maximum  and  minimum  values, 
range,  and  standard  deviation  of  the  mean,  a  histogram  plot  of 
the  data  for  each  of  the  four  test  variables  was  also  provided. 

The  computer-developed  histogram  for  each  of  the  144  groups  of 
data  provided  cell  mid -point  values  (rourded  to  three  plaoes), 
number  of  observations  falling  within  eaoh  cell,  and  a  graph  of 
the  distribution  trunoated  at  a  frequency  of  55  values,  This 
limitation  was  a  function  of  the  maximum  stop  setting  of  the 
oonsole  typewriter  on  whioh  the  data  was  printed.  The  oomputer 
program  determined  limits  and  cell  size  for  eaoh  histogram  on 
the  basis  of  sample  size  and  range  of  data.  The  histogram  for 
eaoh  of  the  36  combinations  of  material  and  test  variables  evalu¬ 
ated  for  eaoh  vaouum  aro  remelt  process  variation  Is  contained 
In  Appendix  V. 


IV.  DATA  EVALUATION 


In  the  effort  directed  toward  evaluation  of  the  effects  on 
meohanical  properties  of  high-strength  H-ll  steels  Introduced 
by  known  variables  such  as  melting  practice,  location  from  top 
to  bottom  within  the  billet,  position  of  test  specimens  from 
surface  to  center  of  the  billet,  specimen  direction  with  re¬ 
spect  to  the  primary  direction  of  rolling  or  working,  and  type 
of  tensile  specimen  with  respect  to  notch  sensitivity,  the 
mass  of  data  generated  from  3712  tests  was  analyzed  by  two 
basic  statistical  methods,  namely,  frequency  distribution  and 
control  chart  methods. 

Bie  frequency  distribution  method  was  chosen  because  it  is  a 
means  of  reliably  translating  large  and  small  samples  of  com¬ 
paratively  unintelligible  data  into  meaningful,  understandable 
terms  comparable  with  those  of  other  samples  representing 
similar  or  dissimilar  conditions.  Thus,  it  provided  a  common 
denominator  for  making  direct  comparisons  between  the  144  groups 
of  data. 

The  control  chart  method  provided  a  means  of  reliably  comparing 
the  arithmetic  mean  and  range  of  tensile  properties  in  each 
section  of  each  billet  on  the  basis  of  repetitive  identical 
samples,  thereby  affording  a  continual  check  on  process  repro¬ 
ducibility  of  a  single  variable  over  the  entire  billet  length. 

Tensile  test  data  subjected  to  the  frequency  distribution 
method  of  analysis  (i.e,,  ultimate  strength  and  per  cent  reduo- 
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tion  in  ana  of  smooth  specimens,  and  ultimate  strength  and 
notohed/smooth  strength  ratio  of  notohed  specimens)  was  used 
to  produoe  the  144  histograms  contained  in  Appendix  V.  These 
are  summarized  in  Tables  III  through  VI  wherein  sample  size 
(N),  arithmetic  mean  (X),  and  standard  deviation  (a)  are 
tabulated  for  each  property,  group  of  data,  and  remelt  process 
variation. 

Tensile  test  data  subjected  to  the  control  chart  method  of 
analysis  (i.e,,  smooth  specimen  values  for  yield  and  ultimate 
strength,  per  cent  elongation  and  reduction  in  area,  and  notched 
specimen  values  for  ultimate  strength  and  .notched/smooth  strength 
ratio)  yielded  the  48  charts  contained  in  Appendix  VI.  An  indi¬ 
vidual  chart,  containing  both  mean  and  range  values,  is  provided 
for  each  tensile  property  and  specimen  direction,  lfcus,  twelve 
charts  are  provided  for  each  remelt  process  variation  to  illus¬ 
trate  the  degree  of  variation  of  each  tensile  property  succes¬ 
sively  along  the  length  of  the  billet.  Upper  and  lower  oontrol 
limits  for  overall  mean  (X)  values  and  mean  range  (X)  values 
are  provided  to  indloate  which  billet  sections  are  out  of  oontrol 
with  respect  to  a  three-sigma  deviation  from  the  mean. 

Data  graphically  represented  in  Appendix  VI  is  summarized  in 
Tables  VII  through  X  wherein  mean  and  range  values  for  all 
tensile  test  data  is  tabulated  by  billet  section  and  by  speoimen 
type  and  direction. 

For  comparative  purposes  the  X  and  <r  values  tabulated  in  Tables 
III  through  VI  were  plotted  in  Figures  20  through  31$  in  order 
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TABLE  VII 


STATISTICAL  SUMMARY  07  SMOOTH  AND  NOTCHED  TENSILE  TEST  DATA  FOR 
AIR  MELT-VACUUM  ARC  REMELT  HEAT  W-24341-1 
COMPUTED  BY  BILLET  SECTION 


s 

SPECIMEN  TYPE 

H. 

«P* 

O 

& 

43 

’i 

SMOOTH 

NOTCHED 

0 

•p 

LONGITUDINAL 

TRANSVERSE 

LONQITUD, 

TRANSV. 

0 

r-l 

H 

ss 

n 

Fty 

ptu 

* 

n 

pty 

ptu 

i 

ra 

ptu 

N/S 

ptu 

N/S 

a 

ESI 

KSI 

E. 

KSI 

KSI 

E. 

QO 

KSI 

RATIC 

K3I 

RATIO 

19 

B 

238.9 

304.2 

4.3 

237.7 

2.9 

pin 

231.8 

Wk 

191.7 

.66 

H 

D 

16.8 

17.5 

6.5 

EH 

20.1 

EH 

5.0 

Ea 

108.8 

t£j 

139.2 

.42 

B 

B 

237.1 

304.0 

4.2 

7.7 

235.4 

292.O 

2.7 

4.8 

259.6 

.83 

1?8.2 

.69 

a 

15.5 

20.0 

3.0 

9.5 

17.1 

44.5 

5.5 

10.7 

101.8 

.34 

145.8 

.39 

B 

232.4 

296.7 

m 

9.8 

233.4 

292.4 

ED 

R31 

265.3 

.89 

207.2 

.72 

V 

D 

19.5 

12.8 

m 

5.5 

19.0 

36.0 

hQ 

E£J 

51.2 

.20 

91.6 

.37 

H 

X 

231.0 

297.7 

m 

10.4 

233.9 

293.1 

28.2 

3.2 

245.1 

.82 

195.1 

n 

13 

R 

13.1 

21.2 

m 

25.2 

22.6 

5.5 

83.9 

.19 

112.5 

WEM\ 

B 

232.2 

297.7 

4.8 

10.2 

293.6 

3.7 

EH 

RJH 

.84 

ebb 

.72 

13.5 

17.5 

5.5 

19.1 

27.3 

6.5 

tag! 

H 

229.2 

293.0 

28.3 

5.1 

14.3 

232.4 

294.2 

3.5 

6.8 

257.9 

.88 

208.6 

.72 

R 

26.7 

6.5 

25.3 

14.1 

33.6 

5.0 

12.6 

96.7 

.32 

106.4 

.35 

T 

1 

230.9 

293.8 

5.4 

10.6 

232.2 

293.1 

3.3 

6.2 

257.? 

.88 

217.5 

•75 

X 

R 

15.7 

15.5 

5.0 

17.7 

17.7 

27.0 

5.5 

12.2 

117.4 

.43 

109.8 

.47 

X 

231.4 

296.0 

5.6 

11.8 

232.5 

292.1 

3.3 

6.3 

272.6 

.92 

224.3 

.78 

J 

R 

11.3 

15.0 

5.0 

17.O 

14.2 

25.3 

5.5 

12.3 

52.8 

.16 

135.8 

.52 

K 

X 

228.6 

294.3 

15.8 

5.1 

10.0 

230.3 

290.6 

3.5 

6.6 

249.9 

.84 

215.4 

R 

16.5 

4.7 

14.8 

19.7 

28.8 

5.5 

8.9 

70.8 

.24 

103.1 

.36 

T 

I 

228.2 

293.6 

5.3 

10.8 

230.7 

292.0 

3.6 

6.8 

256.5 

.87 

220.4 

.76 

JU 

R 

21.4 

23.3 

6.5 

20.6 

18.0 

18.2 

4.7 

11.4 

50.4 

.16 

100.1 

.33 

X 

227.9 

293.1 

5.0 

11.3 

229.0 

290.9 

3.6 

6.0 

222.1 

.76 

191.6 

.66 

n 

R 

13.8 

13.4 

4.5 

14.9 

20.6 

22.5 

6.0 

14.6 

109.8 

.36 

169.4 

.59 

n 

X 

229.2 

292.6 

5.0 

9.8 

230.3 

290.5 

3.5 

6.5 

215  a 

.73 

198.9 

•62 

If 

R 

11.4 

16.8 

4.5 

5.6 

26.9 

22.2 

5.2 

12.1 

82.0 

.25 

111.4 

.38 

p 

X 

229.5 

293.5 

5.7 

11.9 

229.2 

291.1 

4.1 

6.9 

238.6 

.81 

213.4 

.74 

r 

R 

20.9 

22.7 

4.0 

22.5 

21.1 

27.1 

4.5 

10.6 

62.3 

.24 

104.1 

.33 

a 

X 

227.3 

291.6 

5.5 

11.6 

229.3 

290.8 

4.0 

7.8 

234.1 

.80 

211.6 

.73 

R 

17.3 

.14.3 

4.7 

17.6 

14.9 

28.2 

5.5 

13.6 

94.5 

.32 

95.9 

.32 

T 

X 

227.4 

292.2 

5.3 

10.8 

229.7 

290.9 

4.3 

8.5 

229.5 

.78 

215.1 

.70 

R 

11.3 

15. Q 

3.8 

14.4 

15.0 

14.5 

4.5 

12.5 

69.4 

.24 

129.3 

.43 

If 

X 

227.0 

292.4 

5.2 

10.5 

228.6 

289.3 

4.0 

7.7 

219.3 

.75 

204.5 

.71 

V 

R 

11.3 

17.4 

3.0 

8.0 

17.0 

32.1 

6.0 

13.0 

52.3 

.19 

124.4 

.39 

7 

f 

230.6 

295.3 

5.1 

10.6 

231.7 

292.2 

3.5 

6.6 

244.1 

.82 

207.8 

.72 

X 

16.0 

17.9 

5.0 

17.0 

18.6 

27.9 

5.5 

12.6 

78.3 

.26 

118.1 

.40 
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TABLE  VIII 


STATISTICAL  SUMMARY  OP  SMOOTH  AND  NOTCHED  TENSILE  TEST  DATA  FOR 
AIR  MKLT-DBOAS -VACUUM  ARC  RBMBLT  HEAT  W -2 4 342 -VI 
COMPUTED  BY  BILLET  SECTION 


SMOOTH 


LONGITUDINAL 


*ty  ytu  % 
ESI  KSI  B. 


SPECIMEN  TYPE 


TRANSVERSE 


'ty 

»tu 

X 

KSI 

■  KSI 

E. 

302.1  3. 
13.5  3. 


234.3  201.7  4. 
18.8  24.9  5. 


234.5  301.8  4. 
21.6  32.5  6. 


233.8  300.9  4. 
15.8  24.0  3. 


233.3  299.9  4. 
20.5  31.3  6. 


231.3  298.9  4. 
14.5  20.5  4. 


233.1  299.8  4. 
20.2  32.3  4. 


4. 

4. 


4. 

3. 


299.6  4. 
19.2  4. 


299.7  5 
18.9  5 


01 


232.5 

16.5 


7.8 

9.4 


.4  8.1 

.2  11.7 


232.0 

14.9 


231.8  298.5  4 
24.3  19.0  6 


231.1  299.6 
15.3  24.7 


.1  10.3 
.2  19.0 


1:1 


9.2 

6.7 


231.2  294.9  3 
21,7  24.014 


232.7  296.1  3 
19.7  31.2  5 


232.1  296.0  3 
26.5  26.2  5 


230.5  294.3  3 
24.2  28.7  4 


230.8  295.4  3 
17.5  20.7  5 


230.9 

20.0 


230.4  294.7 
22.5  28.0 


230.9  295.2 
18.2  22.3 


230.1  294.6 
20.2  26.3 


230.6  293.4 
20.0  51.0 


230.7  295.9  4 
21.5  26.1  6 


230.1  292.8 
28.3  32.9 


229.6  294.9  4 
22.6  24.5  5 


295.6  4 
26.5  6 


mm 


299.3  5.1  10.9 
11.7  4.5  17.6 


229.8  297.1  6.2 
18.8  33.1  6.0 


228.1  291.9 
19.8  20.7 


291.2  3 
36.0  5 


232.6  299.8  4.7  9.2  230.5 
16.8  23.6  4.8  14.4  21.5 


.5  3.7  6.5 
.8  5.3  11.9 
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TABLE  IX 


STATISTICAL  SUMMARY  OF  SMOOTH  AND  NOTCHED  TENSILE  TEST  DATA  FOR 
AIR  MELT-DOUBLE  VACUUM  ARC  REMELT  HEAT  W-24341-2 
COMPUTED  BY  BILLET  SECTION 


si 

3 

O 

_ . _ SPECIMEN  TYPE _ 

SMOOTH  | 

|  NOTCHED  | 

33 

n> 

LONGITUDINAL 

TRANSVERSE  | 

|  LONO.  | 

TRANS.  | 

yty 

KSI 

Ftu 

KSI 

1 

i 

R.A. 

pty 

KSI 

*tu 

KSI 

* 

E. 

% 

R.A. 

ptu 

KSI 

N/S 

RATIO 

Ftu 

KSI 

N/S 

RATIO 

A 

X 

R 

228.5 

16.8 

300.9 

15.0 

li 

6.9 

11.1 

229.2 

22.0 

291.3 

24.8 

2.7 

5.5 

5-3 

13.4 

251.1 

64.3 

.86 

.35 

222.4 

103.4 

■M 

B 

X 

R 

226.3 

17.0 

297.0 

14.3 

4.5 

4.2 

8.6 

8.8 

228.4 

20.1 

293.5 

25.5 

2.7 

6.0 

8.7 

ai5 \l 

• 79 
.28 

204.9 

121.1 

C 

X 

R 

228.5 

18.3 

299.8 

21.2 

4.1 

4.5 

7.8 

12.3 

227.6 

36.6 

283.4 

5§.7 

2.2 

6.2 

3.9 

7.4 

247.8 

90.5 

.83 

.30 

205.3 

102.3 

.71 

.29 

D 

X 

R 

226.8 

14.2 

297.3 

19.4 

3.3 

3.7 

6.2 

8.8 

226.5 

25.1 

285.9 

40.6 

2.2 

4.0 

4.1 

7.5 

244.8 

64.5 

.83 

.22 

223.5 

131.0 

.79 

.57 

B 

X 

R 

230.6 

20.8 

304.1 

17.5 

4.5 

4.7 

8.1 

13.8 

229.9 

22.0 

293.3 

25.1 

2.4 

4.5 

3*9 

8.5 

248.1 

58.2 

.82 

.20 

218.1 

118.0 

.76 

.36 

H 

X 

R 

230.8 

20.1 

302.8 

14.2 

3.6 
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.28 
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85.9 

L 

X 

R 

228.8 

17.6 

301.8 

26.7 

4.5 

5.5 

8.1 

10.5 
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3.3 

3.7 
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.26 

220.3 
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.18 
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18.3 

235.8 
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.82 

.26 
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.79 
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20.3 

4.1 

5.2 
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12.9 
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23.2 
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35.8 
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4.0 
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STATISTICAL  SUMMARY  OP  SMOOTH  AND  NOTCHED  TENSILE  TEST  DATA  FOR 
VACUUM  INDUCTION  MELT-VACUUM  ARC  REMELT  HEAT  W-24403-1 
COMPUTED  BY  BILLET  SECTION 
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SPECIMEN  TYPE 

c 

o 

H 

SMOOTH 

NOTCHED 

o 

«>  H 

[  LONOITUDINAL 

TRANSVERSE 

LONG.  ] 

TRANS.  | 

H 

H  O 

as 
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*tu 

% 

* 
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Ptu 

* 

* 

Ptu 

N/S 

Ptu 

irai 

w  ► 

KSI 

KSI 

E. 

R.A. 

KSI 

KSI 

E. 

R.A. 

KSI 

RATIO 

KSI 

ESI 

19 

□1 

230.5 

297.3 

6.7 

15.6 

230.7 

296.1 

6.3 

13.8 

293.4 

.99 

272.4 

.92 

H 

□I 

15.0 

19.1 

4.5 

15.4 

11.6 

16.0 

6.5 

23.1 

94.5 

.32 

87.5 

.31 

B 

y 

295.4 

6.6 

15.2 

230.8 

297.1 

6.2 

13.4 

268.7 

.91 

237.1 

.81 

R 
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24.9 

4.0 

12.5 

10.9 

31.3 

5.0 

21.1 

89.5 

.25 

69.7 

.23 

y 

230.6 

296.5 

6.6 

14.6 

230.1 

295.4 

6.0 

12.2 

283.7 

.96 

228.0 

.77 

V 

R 

17-1 

26.3 

5.3 

20.3 

18,9 

13.8 

5.3 

16.4 

51.0 

.14 

84.1 

.33 

19 

y 
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296.9 

6.3 

13.6 
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6.0 

12.5 

270.6 
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218.4 

.74 
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13.1 
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78.8 

.37 
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H 

y 
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im 
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m 
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.88 
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R 
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KB 
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HE 
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.51 
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.84 
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mm 
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.18 

H 

PI 
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M 
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295.1 

BE 
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.76 
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HI 

14.6 
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3.5 

11.5 

15.0 

m 

14.5 

91.7 

.28 

85.5 

.31 

11 
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229.4 

293.0 

6.3 

14.5 

228.4 

293.8 

5.8 

12.0 

273.9 

.94 

229.9 

.78 

B 

R 

10.0 

17.2 

5.3 

14.5 

12.3 

19.3 

6.8 

17.2 

77.3 

.24 

112.8 

.37 

19 

y 

227.7 

293.4 

24.9 

5.8 

12.3 

228.3 

294.1 

6.3 

13.6 

252.3 

.86 

239.8 

.81 

B 

R 

9.3 

3.5 

11.7 

18.1 

31.4 

5.5 

17.8 

65.1 

.22 

128.4 

.44 

y 

291.8 

6.4 

13.6 

228.4 

293.0 

6.1 

ESS 

248.8 

.86 

237.1 

.81 

M 

R 

mSi 

14.2 

4.5 

17.1 

12.9 

13.0 

5.5 

82.5 

.28 

71.8 

.22 

N 

P 

228.4 

293.0 

14.4 

6.2 

14.0 

227.9 

291.2 

5.9 

12.7 

253.7 

.86 

226.1 

•  77 

a 

11.4 

2.5 

13.4 

24.6 

6.5 

17.2 

99.7 

.25 

95-9; 

.32 

19 

227.6 

292.6 

6.1 

13.0 

227.5 

291.6 

6.0 

12.9 

261.0 

.89 

239.7 

.82 

B 

10.2 

10.4 

5.5 

12,2 

16.7 

12.7 

5.5 

14.8 

67.7 

•  16 

Jk 

.30 

y 

227.8 

293.4 

6.1 

us 

227.4 

292.2 

6.5 

14.4 

244.5 

.84 

226.5 

.78 

r 

R 

12.1 

12.5 

2.8 

is 

16.8 

14.4 

4.5 

14.8 

89.6 

.29 

102.8 

.32 

m 

227.4 

291.9 

m 

12.8 

226.4 

290.9 

6.3 

13.5 

255.8 

.88 

233.1 

.80 

B 

12.0 

10.9 

SB 

10.3 

i  16.3 

19.2 

4.5 

12.3 

96.6 

.36 

101.9 

.34 

n 

229.5 

294.2 

6.5 

14.3 

228.8 

292.7 

6.7 

15.7 

240.8 

.82 

249.1 

.85 

B 

10.8 

11.2 

3.0 

16.5 

13.6 

5.1 

5.0 

16.5 

43.9 

.17 

56.3 

.19 

n 

229.2 

294.9 

6.2 

SKI 

229.0 

293.8 

6.0 

12.9 

260.8 

.89 

236.1 

.80 

y 

12.6 

18.2 

4.0 

Wm 

20.4 

5.6 

17.1 

78.7 

.26 

91.7 
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Air  Malt- 
VAH 


Air  Malt- 
Dtg&s-YAR 


Air  Malt- 
Double  VAR 


Vaeuua  Induction 
Malt-VAR 


A-  Combined 


VICTORS  20 

ML*  PROCESS  COMP  ARISON  —  MIAS  AND  STANDARD  DEVIATION  FOR 

ultimate  strength  and  vsr  obit  reduction  in  arsa  —  values  based  upon 

SMOOTH  TENSILE  TEST  RESULTS  PLOTTED  FOR  TRANSVERSE, 
LOMOITUDIMAL,  AND  COMBINED  DIRECTIONS 
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Air  Nelt- 
VAR 


Air  Nclt- 
D»ga«-VAR 


Air  Malt- 
Double  VAR 


Vaouuai  Induction 
Me It -VAR 


A  ■  Surface 

HOURS  21 

HILT  PROORSS  OQNP ARISON  —  MBAN  AND  STANDARD  OBVIATION  TOR 
UfOMSB  StRBjOIH  AND  PBR  OBIT  RSDOOTXON  IN  ARIA  --VALOIS  BASSD  UPON 
SMOOTH  1RANSVSR8S  TBISXLB  TS8T  RSSULT8  PLOTTBD  FOR 
SORFAOl,  N ID-RADIUS,  AND  OSNTSR  POSITIONS 


Air  Malt- 

Air  Melt- 

Air  Melt- 

Vaouu*  Induo t ion 

VAR 

Degas -VAR 

Double  VAR 

Melt-VAR 

TXOURE  24 

MELT  process  COMPARISON  —  MAN  and  standard  deviation  tor 
notch  stsehoth  AND  notch/smooth  strenqth  ratio  -  values  based  upon 

TRANSVERSE  TENSILE  TEST  RESULTS  PLOTTED  TOR 
SURFACE,  MID-RADIUS,  AND  CENTER  POSITIONS 


A>  Surf  A«« 

O  -  MlS-mdlu* 
O  -  0*nt*r 


to  highlight  the  relationships  between  process  variation  and 
property  data. 

Figure  26  provides  an  additional  measure  of  comparison.  The 

I  and  cr  values  for  smooth  and  notched  specimen  strength  and 

ductility  from  each  process  variation  are  translated  into  a 

coefficient  of  variation  (-£-).  This  approach  combines  values 

X 

for  mean  and  standard  deviation  into  a  single  value  for  a  more 
effective  comparison.  The  preferred  condition  is  one  with  a 
low  coefficient  of  variation,  since  a  low  value  generally  im¬ 
plies  a  relatively  low  standard  deviation  or  spread  in  the 
variation  of  the  property  value  under  Investigation. 

Comparing  overall  smooth  and  notched  ultimate  strength  distri¬ 
butions  Included  in  Appendix  V  for  each  of  the  four  melting 
process  variations,  it  is  noted  that  all  figures  exhibit  rea¬ 
sonably  normal  -appearing  histogram  plots  with  the  exception 
of  that  for  notched  air  melt-double  VAR  data.  Figure  *-46, 
whloh  tends  to  skew  toward  the  lower  strength  values.  Similarly, 
the  overall  distributions  for  the  notched/smooth  ultimate  strength 
ratio  exhibit  normal -appearing  histograms  with  the  exception, 
again,  of  that  for  the  air  melt-double  VAR  data. 

A  comparison  of  per  cent  reduction  in  area  on  the  same  basis 
shows  that  only  the  vacuum  induction  melt-VAR  figures  tend  to 
display  normal-appearing  histogram  plots,  while  those  for  the 
remaining  three  process  variations  all  exhibit  a  skewness  toward 
the  lower  end  of  the  range. 

Further  similarities  or  differences  in  the  distributions  of  test 
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FIGURE  26 

MELT  PROCESS  COMPARISON  BY  MEANS  OF 
COEFFICIENT  OF  VARIATION  (^)  PLOTTED  FOR  ULTIMATE  STRENOTH 
PER  CENT  REDUCTION  IN  AREA,  NOTCH  STRENGTH,  AND 
NOTCH/SMOOTH  STRENOTH  RATIO 


data  statistically  evaluated  may  be  observed  by  viewing  appro¬ 
priate  histogram  plots  and  calculated  statistical  oriteria 
presented  in  Appendix  V  figures. 

Evaluation  of  the  12  control  charts  in  Appendix  VI  which  depict 
the  mean  and  range  values  for  tensile  properties  in  each  section 
of  the  air  me It -VAR  billet  disclosed  the  following  Information: 

1.  Smooth  transverse  X  values  for  yield  strength.  Figure  6-1, 
and  ultimate  strength.  Figure  6-2,  are  out  of  control  at 
the  top  portion  of  the  billet. 

2.  Smooth  longitudinal  X  values  for  yield  strength.  Figure  6-5, 
and  ultimate  strength.  Figure  6-6,  are  also  out  of  control 
at  the  top  portion  of  the  billet. 

3.  A  definite  downward  trend  in  3T  values  for  both  transverse 
and  longitudinal  yield  and  ultimate  strength  from  top  to 
bottom  of  the  billet  is  noted  in  Figures  6-1,  6-2,  6-5,  and 
6-6. 

4.  Transverse  elongation.  Figure  6-3,  and  reduction  in  area. 
Figure  6-4,  indicate  a  definite  upward  trend  in  7  values 
even  though  all  are  within  control  over  the  full  length  of 
the  billet. 

5.  Range  values  for  all  air  melt-VAR  conditions  are  essentially 
within  control  limits.  Two  exceptions  are  a  single  billet 
section  for  smooth  transverse  ultimate  strength.  Figure  6-2, 
and  smooth  longitudinal  yield  strength.  Figure  6-5,  in  both 
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of  whloh  the  upper  control  limit  1b  slightly  exceeded. 

6.  Further  evidence  of  a  significant  difference  between  top 

and  bottom  portions  of  the  billet  Is  demonstrated  In  Figures 
6-1,  6-5#  6-6,  6-11,  and  6-12  wherein  eight  or  more  conse- 
outlve  billet  section  7  values  may  be  observed  on  the  same 
side  of  the  overall  average.  The  probability  of  this  occur¬ 
ring  due  to  ohance  alone  Is  0.0039#  or  approximately  four 
times  In  a  thousand.  The  occurrence,  therefore,  strongly 
suggests  a  significant  change  In  melt  process  control. 

Evaluation  of  the  12  Appendix  VI  control  charts  depicting  mean 
and  range  values  In  each  section  of  the  air  me It -degas -VAR 
billet  dlsolosed  the  following i 

1.  Longitudinal  per  cent  elongation.  Figure  6-19,  and  reduction 
in  area.  Figure  6-20,  each  indicate  an  out-of-control  7 
value  above  the  upper  control  limit  at  the  extreme  bottom 
billet  section,  while  corresponding  yield  strength.  Figure 
6-17#  and  ultimate  strength.  Figure  6-18,  although  in  oontrol, 
exhibit  the  lowest  3T  values  for  the  entire  billet. 

2.  A  tendency  to  develop  higher  than  average  transverse  and 
longitudinal  yield  and  ultimate  strength  7  values  at  the  top 
of  the  billet  and  lower  than  average  values  at  the  bottom 

of  the  billet  may  be  observed  in  Figures  6-13#  6-14,  6-17# 
and‘6-18.  An  Inverse  tendency  is  Indicated  for  transverse 
and  longitudinal  per  cent  elongation  and  reduction  in  area 
In  Figures  6-15,  6-16,  6-19#  and  6-20. 
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3*  Range  values  for  all  conditions  plotted  are  within  their 
respective  control  limits  with  but  a  single  exception,  a 
mid-length  billet  section  value  for  smooth  transverse  ul¬ 
timate  strength  as  shown  in  Figure  6-14. 

4.  The  recurrence  of  eight  or  more  consecutive  billet  section 
averages  on  the  same  side  of  the  7  chart  mean  for  transverse 
per  cent  elongation.  Figure  6-15,  and  longitudinal  ultimate 
strength.  Figure  6-l8,  indicates  a  significant  difference 
between  top  and  bottom  values  of  the  billet. 

Evaluation  of  the  12  control  charts  in  Appendix  VI  for  the  air 

melt-double  VAR  billet  indicated  the  following  information: 

1.  All  smooth  transverse  properties  except  per  cent  elongation. 
Figure  6-27,  and  all  smooth  longitudinal  properties  exhibit¬ 
ed  out-of-oontrol  values  above  or  below  (in  some  instances 
both  above  and  below)  the  billet  average  in  various  sections 
along  the  billet  length. 

2.  Out-of-oontrol  range  values  exceed  the  upper  control  limits 
for  all  smooth  transverse  properties  with  other  values 
closely  approaching  this  limit.  Only  one  value  for  smooth 
longitudinal  properties.  Figure  6-30,  exceeds  an  upper 
control  limit. 

3.  All  notch  properties  for  both  longitudinal  and  transverse 
directions  are  within  control  limits  on  both  7  and  R  charts. 

4.  The  lowest  7  values  for  all  smooth  longitudinal  properties 
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occur  at  the  middle  of  the  billet  length. 

•5*  The  significant  difference  between  the  center  of  the  billet 
and  the  top  and  bottom  ends  is  highlighted  by  the  7  charts 
for  smooth  transverse  per  cent  elongation.  Figure  6-27 ,  and 
per  cent  reduction  in  area.  Figure  6-28.  Eight  or  more  con- 
seoutive  billet  section  averages  fall  below  the  billet 
average . 

Evaluation  of  the  final  12  control  charts  for  vacuum  Induction 

me It -VAR  billet  provided  the  following  information i 

1.  All  of  the  smooth  transverse  7  charts,  Figures  6-37,  6-38, 
6-40,  6-45,  and  6-46,  with  the  exception  of  per  cent  elon¬ 
gation,  Figure  6-39,  display  one  value  out  of  control  at 
either  the  top  or  bottom  of  the  billet. 

2.  A  definite  downward  trend  in  7  values  for  smooth  transverse 
yield  strength.  Figure  6-37,  ultimate  strength.  Figure  6-38, 
smooth  longitudinal  yield  strength.  Figure  6-4l,  and  ul¬ 
timate  strength.  Figure  6-42,  as  well  as  notched  longitu¬ 
dinal  ultimate  strength.  Figure  6-47,  ie  observable  from  top 
to  bottom  of  the  billet. 

3.  Range  values  for  all  R  charts  are  within  control  limits, 
except  for  one  smooth  transverse  ultimate  strength  value, 
Figure  6-38,  and  one  smooth  longitudinal  yield  strength 
value.  Figure  6-41.  Both  indicate  an  excessively  wide  range 
at  a  billet  location  approximately  one-third  of  the  billet 
length  from  the  top. 
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4.  Significant  differences  from  top  to  bottom  of  the  billet 
are  evident  in  the  7  charts  for  smooth  transverse  yield 
strength,  Figure  6-37,  smooth  longitudinal  ultimate 
strength.  Figure  6-42,  and  in  the  R  chart  for  smooth  longi¬ 
tudinal  yield  strength.  Figure  6-4l.  All  three  charts  ex¬ 
hibit  eight  consecutive  values  on  the  same  side  of  their 
respective  overall  average  lines. 

Evaluation  of  the  statistical  data  presented  in  Tables  III 
through  VI  and  subsequently  plotted  in  Figures  20  through  26 
for  transverse  and  longitudinal  smooth  and  notched  tensile 
specimens  from  surface,  mid-radius,  and  center  positions  in 
each  billet  disclosed  the  following  information: 

1.  Considering  the  average  ultimate  strength  of  all  smooth 
specimens  from  each  billet.  Figure  20,  considerable  uni¬ 
formity  is  evidenced  for  all  melting  techniques.  Average 
smooth  strength  ranged  from  a  low  of  293.3  Ksl  for  the 
air  melt-VAR  billet  to  a  high  of  296.4  Ksi  for  the  air 
me It -degas -VAR  billet. 

2.  Average  longitudinal  ultimate  strength.  Figure  20,  exceeded 
average  transverse  ultimate  strength  by  only  0.4  per  cent 
in  vacuum  induction  melt-VAR  material  and  by  3.1  per  cent 
in  air  melt-double  VAR  material. 

3.  The  mid-radius  position  yielded  higher  average  ultimate 
strengths  than  center  and  surface  locations  with  the  ex¬ 
ception  of  longitudinal  specimens  from  the  air  melt-VAR 
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billet  as  can  be  aeen  by  comparing  Figures  21  and  22. 

Mid -radius  longitudinal  specimens  from  the  air  melt-VAR 
billet  averaged  lower  than  comparable  surface  or  center 
specimens.  The  highest  average  longitudinal  ultimate 
strength  for  the  air  melt-VAR  heat,  299.7  Ksi,  was  found 
at  the  surface  location.  The  value  for  the  mid-radius 
position  is  293>2  Ksi.  In  the  transverse  direction,  mid¬ 
radius  and  surface  averages  in  the  air  melt-VAR  billet 
were  essentially  the  same,  293.3  and  292.2  Ksi,  respect¬ 
ively. 


4.  The  coefficient  of  variation  (-^>)  for  smooth  ultimate 

X 

strength  shown  in  Figure  26  ranges  from  .018  for  vacuum 
induction  melt-VAR  material  to  .042  for  the  air  melt- 
double  VAR  billet.  Since  the  coefficient  is  a  measure  of 
variation  per  unit  measured,  the  uniformity  of  the  heat 
treat  response  of  the  vacuum  induction  melt-VAR  material 
is  shown  to  be  markedly  superior  to  that  demonstrated  by 
the  other  three  materials. 


5.  As  shown  in  Figure  20,  the  ductility  of  vacuum  induction 
melt-VAR  material  (as  measured  by  per  cent  reduction  in 
area)  is  significantly  superior  to  that  provided  by  the 
other  three  process  variations.  The  average  value  for  all 
smooth  specimens  from  each  heat  is  as  follows: 


%  R.  A. 

Vacuum  induction  melt-VAR  .  13.2 

Air  melt-VAR . 8.1 

Air  melt-vacuum  degas-VAR . .  .  7.5 

Air  melt-double  VAR . 5,1 
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Thus,  the  average  ductility  of  the  vacuum  Induction  melt- 
VAR  billet  Is  63  per  cent  higher  than  the  air  melt-VAR 
billet,  J6  per  cent  higher  than  the  vacuum  degassed  billet, 
and  144  per  cent  higher  than  the  double  VAR-procesaed  air 
melt  heat. 

6.  Longitudinal  ductility  (in  per  cent  reduction  in  area) 
exceeded  transverse  ductility,  as  shown  in  Figure  20,  by 
only  3*4  per  cent  in  the  vacuum  induction  melt-VAR  material, 
but  the  degree  of  directionality  increases  to  110  per  cent 
for  the  double  VAR-melted  billet. 

7.  The  surface  of  the  billets  provided  the  highest  reduction 
in  area  values  in  both  longitudinal  and  transverse  direc¬ 
tions  as  Indicated  in  Figures  22  and  21.  All  mid-radius 
averages  exceeded  comparable  center-of-the-billet  values 
in  both  directions. 

8.  The  coefficient  of  variation.  Figure  26,  for  per  cent  re¬ 
duction  in  area,  ranged  from  .35  for  vacuum  induction  melt- 
VAR  material  to  .65  for  the  air  melt-VAR  material.  The 
reduction  in  area  for  the  vacuum  induction  melt-VAR  billet 
is  high  compared  to  the  other  melt  practices.  The  low 
coefficient  of  variation  value  Indicates  considerably  less 
variation  in  ductility  than  shown  by  the  other  three  melt 
practices . 

9.  Based  upon  the  average  notch  tensile  strength  for  all 
notched  specimens  from  each  billet,  notch  tensile  strength 
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In  the  vacuum  induction  me It -VAR  heat  is  7.1  per  cent 
higher  than  that  in  the  air  melt-double  VAR  heat,  9.4  per 
cent  higher  than  that  in  vacuum  degassed-VAR  heat,  and  9*7 
per  cent  higher  than  that  in  the  air  melt-VAR  heat,  as 
shown  in  Figure  23. 

10.  Figure  23  also  shows  that  longitudinal  notch  strength 
ranges  from  11.7  per  cent  to  17*5  per  cent  higher  than 
transverse  notch  strength  for  vacuum  induction  melt-VAR 
and  air  melt-degassed-VAR  materials,  respectively. 

11.  Figure  24  and  Figure  25  evidence  the  fact  that  notch 
tensile  strength  is  substantially  lower  at  the  center  of 
the  billet  than  at  mid-radius  or  surface  locations.  For 
transverse  specimens,  the  surface  position  provides  the 
highest  notch  strength  averages  ranging  from  11.8  to  36.9 
per  cent  higher  than  corresponding  center  averages  in 
vacuum  induction  melt-VAR  and  air  me  It -degas -VAR  materials, 
respectively.  The  surface  position  also  provides  the  high¬ 
est  notch  tensile  strengths  in  longitudinal  specimens. 

12.  The  coefficient  of  variation  for  notch  tensile  strength, 
Figure  26,  indicates  that  the  air  melt-vacuum  arc  remelt 
process  variations  (including  the  vacuum  degassed  and  the 
double  VAR-processed  billets)  are  essentially  equal  in  re¬ 
gard  to  degree  of  variation.  On  the  other  hand,  the  vacuum 
induction  melt-VAR  billet,  with  a  coefficient  of  variation 
34.5  per  cent  lower  than  the  air  melt-VAR  billet  and  38 
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per  cent  lower  than  the  vacuum  degassed -VAR  material , 
provides  considerably  greater  uniformity  In  notch  strength. 

13.  As  displayed  In  Figure  23,  the  notch/smooth  strength  ratio 
for  the  vacuum  induction  melt-VAR  billet  is  7.8  per  cent 
higher  than  that  for  the  air  melt-double  VAR  billet,  9.3 
per  cent  higher  than  that  for  the  air  melt-VAR  billet,  and 
10,7  per  cent  higher  than  the  vacuum  degas -VAR  billet 
overall  H/S  ratio. 

14.  For  all  four  process  variations  the  H/S  ratio  for  the 
longitudinal  direction  is  higher  than  the  transverse  N/S 
ratio.  The  difference  is  least  in  the  vacuum  induction 
melt-VAR  billet  (11.2  per  cent)  and  greatest  in  the  vacuum 
degas-VAR  billet  (14.1  per  cent),  on  the  basis  of  values 
plotted  in  Figure  23. 

13.  The  N/S  ratio  is  appreciably  lower  at  the  center  of  the 

billets  than  at  mid-radius  and  surface.  Surface  N/S  ratios 
for  the  transverse  direction  range  from  10.5  per  cent  (in¬ 
duction  melt-VAR)  to  31.8  per  cent  (air  melt-VAR)  higher 
than  corresponding  averages  at  the  center  of  the  billet, 
as  plotted  in  Figure  24.  Surface  N/S  ratios  in  the  longi¬ 
tudinal  direction  (Figure  25)  range  from  10,2  to  24  per  cent 
higher  than  corresponding  center  values  for  the  air  melt- 
double  VAR  and  the  vacuum  degas-VAR  billets,  respectively. 

In  the  vacuum  induction  melt-VAR  billet,  the  surface  N/S 
ratio  is  11.8  per  cent  higher  than  the  center  N/S  ratio. 
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16.  The  coefficient  of  variation  for  the  N/S  ratio  shows  that 
air  melt-VAR,  air  me It -degas -VAR,  and  air  melt-double  VAR 
billets  are  essentially  equal  with  respect  to  the  degree 
of  variation  in  the  N/S  ratio.  The  coefficient  of  varia¬ 
tion  for  vacuum  induction  melt-VAR  material  is  22.8  per 
cent  lower  than  the  coefficient  of  variation  for  air  melt- 
VAR  material  and  27.5  per  cent  lower  than  coefficient  of 
variation  for  air  melt-double  VAR  material. 


V.  CONCLUSIONS 


Based  upon  overall  heat  averages  for  each  of  the  four  vacuum 
arc  remelt  process  variations  Investigated,  the  following  con¬ 
clusions  have  been  derived  from  statistical  and  metallurgical 
evaluation  of  smooth  and  notch  tensile  test  data  obtained  from 
3712  specimens  processed  and  tested  under  rigidly-controlled 
conditions  1 

1.  Of  the  four  processes  evaluated,  the  vacuum  induction  melt- 
VAR  practice  produced  the  highest  quality  product  from  the 
standpoint  of  maximum  ductility  in  smooth  specimens  and  least 
sensitivity  to  a  notched  condition,  when  heat  treated  for  a 
300  Ksi  strength  level. 

2.  Hie  air  melt-VAR  material  ranked  second  in  overall  property 
response  and  uniformity,  although  at  a  markedly  lower  level 
than  the  vacuum  induction  melt-VAR  material. 

3.  The  air  melt-vacuum  degas-VAR  and  air  melt-double  VAR  pro¬ 
cessed  billets  of  H-ll  steel  ranked  third  and  fourth  in  that 
order;  however,  the  level  of  quality  for  these  processes  is 
not  appreciably  lower  than  air  melt-VAR  processed  material 
in  most  comparisons. 

4.  The  vacuum  induction  melt-VAR  material  greatly  reduces  the 
influence  of  directionality  on  smooth  and  notch  tensile 
properties.  Transverse  ductility  values  closely  approach 
those  obtained  from  longitudinal  specimens,  thereby  achieving 
one  of  the  major  aims  of  the  program  (to  be  verified  subse¬ 
quently  for  actual  parts  forged  in  closed  dies  during  Phase  IV). 
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The  following  conclusions  relating  to  the  influence  of  test 
direotlon  and  cross-sectional  location,  particularly  with  re¬ 
spect  to  the  resultant  degree  of  overall  property  uniformity 
obtained,  were  derived  from  the  statistical  analysis  of  ulti¬ 
mate  strength  values  developed  from  tensile  tests  of  smooth 
specimens  t 

1.  Considering  the  average  ultimate  strength  of  all  smooth 
specimens  from  each  billet,  considerable  uniformity  is 
evidenced  for  all  melting  techniques.  Average  smooth 
strength  ranged  from  a  low  of  293*3  Ksi  for  the  air  melt- 
VAR  billet  to  a  high  of  296.4  Ksi  for  the  air  melt-degas- 
VAR  billet. 

2.  Average  longitudinal  ultimate  strength  exceeded  average 
transverse  ultimate  strength  by  only  0.4  per  cent  in 
vacuum  induction  melt-VAR  material  and  by  3.1  per  cent  in 
air  melt-double  VAR  material. 

3.  The  mid-radius  location  in  billet  cross  section  consistent¬ 
ly  yielded  higher  ultimate  strength  averages  than  center 
and  surface  locations  with  the  exception  of  the  longitudinal 
specimen  average  for  air  melt-VAR  material. 

4.  The  comparison  of  coefficient  of  variation  values  for  ulti¬ 
mate  strength  indicate  that  the  highest  degree  of  heat 
treat  response  uniformity  was  attained  in  the  vacuum  induc¬ 
tion  melt-VAR  material. 

The  following  conclusions  relating  to  test  direction,  cross- 
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sectional  looatlon,  and  overall  property  uniformity  were  de¬ 
rived  from  the  statistical  analysis  of  smooth  specimen  ductility 
as  measured  by  per  cent  reduction  of  area: 

1.  The  ductility  of  vacuum  induction  melt-VAR  material  (as 
measured  by  per  cent  reduction  of  area  at  the  300  Ksi 
strength  level)  is  significantly  superior  to  that  provided 

by  the  other  three  process  variations.  The  average  ductility 
of  the  vacuum  induction  melt-VAR  billet  is  6 3  per  cent  high¬ 
er  than  the  air  melt-VAR  billet,  76  per  cent  higher  than  the 
vacuum  degassed-VAR  billet,  and  144  per  cent  higher  than  the 
double  VAR-processed  air  melt  heat. 

2.  Longitudinal  ductility  (in  per  cent  reduction  in  area)  ex¬ 
ceeded  transverse  ductility  by  only  5.^  per  cent  in  the 
vacuum  induction  melt-VAR  material,  but  the  degree  of  direc¬ 
tionality  increases  to  110  per  cent  for  the  double  VAR- 
melted  billet. 

3.  Surface  specimens  consistently  provided  the  highest  reduction 
in  area  values  in  both  longitudinal  and  transverse  directions. 
Mid-radius  averages  exceeded  comparable  center-of-the-billet 
values  in  both  directions. 

4.  The  coefficient  of  variation  for  per  cent  reduction  in  area 
ranged  from  .35  for  vacuum  induction  melt-VAR  material  to 
.65  for  the  air  melt-VAR  material.  The  low  value  for  the 
vacuum  induction  melt-VAR  billet  indicates  considerably  less 
variation  in  ductility  than  shown  by  the  other  three  melt 
practices . 
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The  following  conclusions  were  derived  from  the  evaluation  of 
notch  tensile  strength  averages  for  each  melt  process  as  re¬ 
lated  to  test  direction,  cross-sectional  location,  and  property 
uniformity: 

1.  Based  upon  the  average  notch  tensile  strength  of  all  notch¬ 
ed  specimens  from  each  billet,  notch  tensile  strength  in 
the  vacuum  induction  melt-VAR  heat  is  7.1  per  cent  higher 
than  in  the  air  melt-double  VAR  heat,  9.4  per  cent  higher 
than  in  the  vacuum  degassed-VAR  heat,  and  9.7  per  cent 
higher  than  in  the  air  melt-VAR  heat. 

2.  Longitudinal  notch  strength  ranges  from  11.7  per  cent  to 
17*5  per  cent  higher  than  transverse  notch  strength  (vacuum 
induction  melt-VAR  and  air  melt-degassed-VAR  materials, 
respectively) . 

3.  Notch  tensile  strength  is  substantially  lower  at  the  center 
of  each  billet  than  at  mid-radius  or  surface  locations.  For 
transverse  specimens,  the  surface  position  provides  the 
highest  notch  strength  averages  ranging  from  11.8  to  36.9 
per  cent  higher  than  corresponding  center  averages  (vacuum 
induction  melt-VAR  and  air  me It -degas -VAR  materials,  re¬ 
spectively).  The  surface  position  also  provides  the  highest 
notch  tensile  strengths  in  longitudinal  specimens. 

4.  The  coefficient  of  variation  for  notch  tensile  strength  in¬ 
dicates  that  the  three  air  melt-vacuum  arc  remelt  process 
variations  are  essentially  equal  in  regard  to  degree  of 
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variation.  On  the  other  hand,  the  vacuum  Induction  melt- 
VAR  billet,  with  a  coefficient  of  variation  34.5  per  cent 
lower  than  the  air  melt-VAR  billet  and  38  per  cent  lower 
than  the  vacuum  degassed-VAR  material,  provides  considerably 
greater  uniformity  in  notch  strength  than  the  other  three 
processes. 

Comparison  of  the  notch/smooth  ultimate  strength  ratio  for  each 
melt  process  as  related  to  test  direction,  cross-sectional  loca¬ 
tion,  and  property  uniformity  established  the  following  conclu¬ 
sions  : 

1.  The  notch/smooth  strength  ratio  for  the  vacuum  Induction 
melt-VAR  billet  is  7.8  per  cent  higher  than  for  the  air 
melt-double  VAR  billet,  9.3  per  cent  higher  than  for  the 
air  melt-VAR  billet,  and  10. 7  per  cent  higher  than  the 
vacuum  degas-VAR  billet  overall  N/S  ratio.  The  highest 
average  N/S  ratio  obtained  was  .94  for  longitudinal  surface 
specimens  in  vacuum  induction-vacuum  arc  remelt  material, 

2.  For  all  four  process  variations,  the  N/S  ratio  for  the 
longitudinal  direction  is  higher  than  the  transverse  N/S 
ratio.  The  difference  is  least  in  the  vacuum  induction  melt- 
VAR  billet  (11.2  per  cent)  and  greatest  in  the  vacuum  degas- 
VAR  billet  (14.1  per  cent). 

3.  The  N/S  ratio  is  appreciably  lower  at  the  center  of  the 
billets  than  at  mid-radius  or  surface.  Surface  N/S  ratios 
for  the  transverse  direction  range  from  10,5  P***  cent  (in¬ 
duction  melt-VAR)  to  31.8  per  cent  (air  me It -VAR) higher 
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than  corresponding  averages  at  the  center  of  the  billet. 
Surface  N/S  ratios  In  the  longitudinal  direction  range  from 
10.2  to  24  per  cent  higher  than  corresponding  center  values 
for  the  air  melt-double  VAR  and  the  vacuum  degas-VAR  billets, 
respectively.  In  the  vacuum  Induction  melt-VAR  billet,  the 
surface  N/S  ratio  is  11.8  per  cent  higher  than  the  center 
N/S  ratio. 

4.  The  coefficient  of  variation  for  the  N/S  ratio  shows  that 
air  melt-VAR,  air  me It -degas -VAR,  and  air  melt-double  VAR 
billets  are  essentially  equal  with  respect  to  the  degree  of 
variation  in  average  N/S  ratio.  The  coefficient  of  variation 
for  vaouum  induction  melt-VAR  material  is  22.8  per  cent  loweb 
than  the  coefficient  of  variation  for  air  melt-VAR  material 
and  27.3  par  cent  lower  than  coefficient  of  variation  for 
air  melt-double  VAR  material. 

The  following  conclusions  were  derived  from  an  evaluation  of  the 

frequency  distributions  (histogram  plots)  contained  in  Appendix  V: 

1,  Overall  smooth  and  notched  strength  distributions  for  eaoh 
of  the  four  melting  processes  developed  reasonably  normal- 
appearing  histogram  plots  with  the  exception  of  that  for 
air  melt-double  VAR,  which  was  skewed  to  the  left. 

2.  Similarly,  the  overall  distributions  for  the  notched/smooth 
ultimate  strength  ratio  developed  normal -appearing  histograms 
with  the  exception,  again,  of  that  for  air  melt-double  VAR 
material  which  was  skewed  to  the  left. 
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3. 


A  oomparison  of  the  distributions  developed  fojr^the  duotil- 
ity  data  of  eaoh  melting  process  showed  that  only  the  vaouua 
induction  me It -VAR  histogram  developed  a  normal -appearing 
plot,  while  those  for  the  remaining  three  processes  were 
all  skewed  to  the  left. 

The  following  conclusions  were  derived  from  Interpretation  of 

Appendix  VI  control  oharts  depicting  mean  and  range  values  for 

tensile  properties  at  each  billet  section! 

1.  In  all  but  a  few  instances,  out-of -control  mean  values  oc¬ 
curred  In  data  developed  from  the  top  and  bottom  portions 
of  the  billets,  while  range  values,  as  a  rule,  remained 
within  three-sigma  control  limits. 

2.  Strength  values  generally  tended  to  decrease  from  top  to 
bottom  end  of  the  billet  while  ductility  generally  assumed 
the  inverse  tendency  in  keeping  with  the  normal  strength- 
ductility  relationship. 

3.  Repeated  instances  in  which  eight  or  more  oonseoutlve 
points  fall  on  the  same  side  of  the  billet  mean  strongly 
indicate  the  introduction  of  a  significant  ohange  in  the 
manufacturing  prooess  variables,  since  the  probability  of 
this  ooourrlng  by  ohanoe  alone  is  0.0039,  or  only  four  times 
in  a  thousand. 
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The  following  conclusions  were  derived  from  s  comparison  of 
melt  process  cost  versus  product  uniformity  in  terms  of  the 
coefficient  of  variation  for  smooth  specimen  ultimate  strength 
smd  for  per  cent  reduction  in  area: 

1.  Generally,  as  quality  is  Improved  cost  increases. 

2.  The  air  melt-double  VAR  processed-billet  provides  an 
obvious  exception  to  the  cost-quality  relationship  demon¬ 
strated  by  the  other  three  process  variations. 

3.  The  air  melt-double  VAR  material  exhibits  a  quality  level 
lower  than  that  of  either  air  melt-VAR  or  air  melt-vacuum 
degas-VAR  material,  although  the  cost  is  approximately 
twice  that  of  the  latter  two  processes. 

4.  A  substantial  Improvement  in  quality  (decrease  in  coefficient 
of  variation)  for  a  relatively  small  increase  in  cost  is 
indicated  by  comparison  of  the  values  for  the  air  melt-VAR 
process  and  the  conventional  air  melt  process  (derived  from 
Phase  II  data). 

5.  The  vacuum  induction  melt-VAR  process  delivers  the  highest 
quality  product  at  the  highest  cost. 


average  property  value  with  its  corresponding  standard  deviation, 
the  coefficient  was  judged  to  be  an  acceptable  measure  of  both 
uniformity  and  quality  and  was  plotted  against  the  per-pound  cost 
of  eaoh  of  the  four  differently-processed  vacuum  arc  remelt 
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billets  and  the  conventionally-air  melted  Phase  II  material. 

Thus,  the  direct  relationship  between  material  cost  and  material 
quality  as  measured  by  tensile  strength  and  duotility  could  be 
graphically  portrayed.  Process  costs  shown  in  Pigure  27  are 
those  incurred  by  the  Contractor.  The  purchase  of  larger  quan¬ 
tities  of  material  (3500-pound  billets  were  ordered  in  Phase  III) 
should  result  in  somewhat  lower  process  costs. 
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FIGURE  27 

COEFFICIENT  OF  VARIATION  FOR  STRENGTH  AND 
DUCTILITY  VERSUS  MELT  PROCESS  COST 
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Ultimate  Strength  Reduction  In  Area 


VI.  RECOMMENDATIONS 


1.  Continuation  of  the  program  as  outlined  for  Phase  IV  in 
Supplemental  Agreement  No.  1  dated  October  19,  I960  is 
strongly  recommended.  The  demonstrated  usefulness  of  data 
and  statistical  techniques  for  evaluating  voluminous  quan¬ 
tities  of  metallurgical  data  developed  under  Contract  AF33- 
(600)-38767  make  it  highly  desirable  to  verify  and  evaluate 
the  information  developed  to  date  in  closed-die,  aircraft- 
quality,  production  forgings  of  high-strength  steel.  PhaBe 
IV  has  been  pre-planned  to  effectively  utilise  the  informa¬ 
tion  developed  in  the  first  three  phases  in  order  to  achieve 
the  program  aim  of  reduced  weight  and  increased  functional 
effectiveness  in  forged  aerospace  components. 

2.  The  use  of  vacuum  induction  melt-vacuum  arc  remelt  processed 
high-strength  steel  is  recommended  in  instances  where  de¬ 
sign  considerations  demand  maximum  ductility  and  uniformity 
to  the  extent  that  such  requirements  outweigh  economic  con¬ 
siderations  imposed  by  the  cost  of  material. 
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APPENDIX  I 

TENSILE  PROPERTIES  OF  AIR  MELT-VACUUM  ARC 
REMELT  H-ll  STEEL  (HEAT  NO.  W-24341-l) 
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SECTION  1 

TRANSVERSE  TENSILE  PROPERTIES  OP 
AIR  MELT-VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24341-1) 
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5*0 

10*1 

592 

2*7 

5.7 

549 

9*5 

6*9 

995 

2*0 

4.7 

955 

4*0 

4*4 

555 

2*0 

2*4 

955 

2*5 

9*6 

999 

1*7 

9*6 

995 

3*5 

9*1 

599 

4*5 

9*9 

959 

4*0 

11*9 

999 

5*0 

10*9 

955 

5*0 

9*4 

599 

9*0 

9*4 

959 

4*5 

14*2 

999 

1*5 

9*2 

955 

1*0 

1*9 

599 

4*5 

9*4 

999 

1*5 

2*9 

999 

2*2 

4*7 

949 

3*5 

7.4 

999 

4*0 

7*4 

959 

2*9 

2*4 

995 

440 

9  ii 

999 

9*5 

5*9 

999 

4*9 

4*7 

992 

2*7 

5*1 

943 

4*0 

4*2 

995 

2*9 

9*9 

999 

4*0 

11*1 

995 

9*0 

9*0 

999 

1*5 

2*4 

999 

2*0 

4*9 

959 

4*5 

10*9 

959 

3*0 

9*5 

999 

3*5 

9*2 

595 

5*0 

9*0 

959 

5*0 

9*1 

555 

9*0 

10*9 

999 

4*9 

7*4 

994 

4*0 

4*4 

943 

5*5 

11*1 

999 

4*0 

11*2 

994 

2*9 

4.7 

994 

4*0 

4*4 

549 

9*9 

7*0 

994 

2*0 

4*0 

995 

2*0 

9*2 

999 

1*0 

2*3 

559 

2*0 

4.7 

959 

9*5 

6*9 

992 

2*5 

5*1 

995 

3*0 

4*7 

994 

2*5 

9*4 

999 

4*5 

9*7 

999 

f  1 


BILLET 

SECTION 

K 

K 

K 


L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

N 

N 

N 

M 

M 

M 

N 

N 

N 

N 

M 

M 

N 

N 

N 

N 

N 

N 

M 

N 

H 

M 

N 

H 

M 

N 

N 

N 

N 

N 

n 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 


TEST 

SPECIMEN 

YLD.STfUKS! 

ULT.STR 

ft 

ft 

NO 

LOCATION 

2ft  OPP 

KSI 

EL0N6 

R*A* 

BHN 

ST  4 

M 

219*5 

284*0 

3*0 

3*1 

555 

41  4 

C 

224*5 

265*8 

3*0 

6*2 

555 

43  4 

C 

225*0 

263*0 

3*0 

3*5 

555 

02  4 

S 

237*4 

299*0 

5*0 

10*2 

555 

OS  4 

s 

230*0 

291*6 

4*0 

6*2 

555 

04  4 

s 

231*0 

293*8 

4*0 

6*6 

553 

04  4 

$ 

233*9 

294*5 

5*0 

8*2 

555 

07  4 

ft 

225*0 

268*8 

4*0 

7*0 

555 

04  4 

ft 

234*2 

292*0 

4*0 

9*3 

555 

09  4 

ft 

232*0 

290*3 

4*5 

8*5 

534 

10  4 

ft 

230*0 

291*1 

6*5 

13*8 

543 

11  4 

ft 

232*5 

295*0 

5*5 

11*5 

555 

22  4 

M 

240*1 

297.9 

3*5 

11*6 

334 

22  4 

H 

234*5 

269*6 

1*8 

4*4 

534 

24  4 

M 

230*0 

292*2 

4*0 

7.7 

563 

25  4 

M 

534 

24  4 

M 

228*9 

299*4 

3*0 

7.0 

555 

24  4 

N 

220*5 

269*8 

2*3 

4.7 

555 

SO  4 

M 

231*2 

296*3 

3*5 

4*7 

555 

SI  4 

N 

235*5 

299.7 

2*5 

5*5 

555 

S2  4 

M 

231*7 

297*0 

<•3 

4*7 

332 

SS  4 

M 

228*3 

264*5 

2*0 

4*3 

555 

S4  4 

M 

234*7 

298*8 

2*0 

4*6 

534 

SS  4 

M 

225*3 

286*0 

2*5 

3*9 

555 

S4  4 

M 

223*0 

287*5 

3*5 

3*4 

555 

ST  4 

M 

222*1 

206*1 

2*5 

2*4 

555 

41  4 

C 

224*1 

201*2 

3*0 

3*6 

525 

4S  4 

c 

225*0 

205*0 

2*3 

3*9 

235 

02  4 

ft 

231*5 

294*1 

5*5 

8*6 

555 

OS  4 

ft 

230*0 

293*0 

4*0 

6*9 

555 

04  4 

ft 

234*9 

293*2 

3*0 

5*9 

555 

04  4 

ft 

224*2 

294*4 

2*3 

5*5 

235 

OT  4 

ft 

227*0 

291*3 

5*0 

7*0 

355 

04  4 

ft 

231*5 

293*5 

7*0 

16*0 

555 

09  4 

ft 

229*4 

289*6 

5*0 

10*4 

534 

10  4 

ft 

226*5 

200*0 

5*5 

11*1 

363 

11  4 

ft 

232*5 

291*3 

2*5 

4*6 

335 

22  4 

N 

230*1 

296*4 

3*5 

3*6 

334 

22  4 

M 

229*0 

202*8 

1*0 

1*4 

334 

24  4 

M 

229*0 

207*5 

2*0 

3*1 

563 

22  4 

N 

233*2 

290*2 

3*0 

4*0 

534 

20  4 

M 

220*4 

292*0 

4*0 

6*3 

233 

29  4 

N 

225*4 

292*8 

2*6 

3*4 

535 

SO  4 

N 

231*4 

297*6 

2*3 

248 

535 

21  4 

M 

235*5 

297*2 

3*0 

3*4 

555 

22  4 

M 

232*2 

292*0 

4*0 

5*1 

532 

22  4 

N 

223*3 

204*2 

2*7 

2*0 

533 

24  4 

M 

234*0 

302*5 

3*8 

6*6 

534 

22  4 

M 

221*5 

283*8 

3*0 

4*3 

535 

24  4 

N 

224*5 

200*0 

3*3 

7.3 

355 

ST  4 

M 

217*5 

207*3 

2*5 

3*5 

555 

41  4 

C 

224*0 

285*0 

3*5 

4*7 

355 

42  4 

c 

224*1 

204*2 

4*0 

6*7 

333 

02  4 

ft 

247*4 

296*0 

4*5 

14*1 

555 

OS  4 

ft 

231*0 

294*3 

3*0 

7*3 

555 

04  4 

ft 

232*0 

293*1 

2*5 

6*7 

335 

04  4 

ft 

234*2 

297*0 

5*5 

13*1 

355 

OT  4 

ft 

223*5 

208*8 

5*2 

7.0 

555 

00  4 

ft 

232*0 

292*5 

5*0 

8*2 

555 

09  4 

ft 

230*0 

209*5 

3*5 

9*2 

534 

10  4 

ft 

229*0 

289*4 

6*5 

11*9 

243 

11  4 

ft 

232*0 

293*6 

4*5 

7.7 

555 

22  4 

M 

235*9 

292*2 

4*5 

4*7 

534 

22  4 

N 

234*9 

290.7 

2*5 

5*2 

334 

24  4 

M 

220*5 

283*8 

2*5 

4*7 

363 

22  4 

M 

234*4 

294*5 

3*5 

9*7 

334 

22  4 

H 

229*0 

293*2 

4*5 

7*0 

355 

29  4 

M 

227*3 

205*3 

1*3 

2*4 

355 

SO  4 

M 

229*0 

290*0 

2*5 

3*2 

335 

21  4 

H 

240*5 

300*7 

2*5 

5*1 

333 

22  4 

M 

234*3 

296*9 

3*3 

6*3 

332 

SS  4 

M 

222*0 

263*6 

2*0 

3*1 

555 

24  4 

M 

233*0 

301*0 

3*5 

5*0 

534 

22  4 

M 

222*5 

285*9 

2*3 

3*2 

535 

24  4 

N 

224*3 

200*6 

2*3 

5*4 

555 
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c 


( 


t 


N 

N 

N 


P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

P 

8 

s 

s 

s 

s 

s 

s 

s 

$ 

5 

S 

S 

s 

s 

s 

s 

s 

$ 

s 

$ 

s 

s 

s 

s 

s 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 

T 


TEST 

SPECIMEN 

YLD.$TR*KSI 

ULT.5TR 

« 

ft 

NO 

LOCATION 

•2*  OFF 

KSI 

ELONG 

R*A* 

BHN 

ST  4 

N 

220*3 

282*3 

2*5 

2*7 

555 

61  4 

C 

223*0 

278*8 

2*0 

2*0 

553 

61  4 

c 

223*8 

281*5 

2*5 

3*5 

555 

02  4 

s 

234*3 

292*5 

6*0 

13*7 

555 

OS  4 

s 

228*3 

291*0 

6*5 

10*7 

555 

04  4 

$ 

234*5 

295*8 

5*0 

10*0 

555 

06  4 

s 

232*5 

298*2 

5*5 

9*0 

555 

07  4 

s 

223*5 

285*0 

5*0 

6*6 

555 

08  4 

s 

234*2 

293.5 

3*8 

6*3 

555 

09  4 

s 

225*0 

264*8 

6*0 

12*7 

534 

10  4 

s 

232*7 

291*9 

4*5 

8.7 

563 

11  4 

s 

233*0 

300*0 

5*0 

9*2 

555 

22  4 

M 

240*0 

296*5 

2*5 

3*1 

534 

23  4 

M 

234*4 

290*0 

2*3 

4*5 

534 

24  4 

M 

224*3 

291*3 

4*2 

6*2 

563 

29  4 

M 

230*1 

295*3 

4*0 

3*2 

334 

28  4 

M 

227*5 

292*0 

4*5 

5*1 

555 

29  4 

H 

224*0 

266*8 

2*5 

3*9 

555 

SO  4 

M 

227*8 

292*5 

2*5 

3*9 

555 

31  4 

M 

231*5 

296*5 

4*0 

7*3 

555 

32  4 

M 

233*1 

295*8 

4*5 

9.7 

532 

S3  4 

•4 

i . 

227*1 

286*7 

2*0 

3*6 

555 

34  4 

M 

234*1 

300*5 

4*3 

6*3 

334 

S3  4 

M 

225*0 

285*0 

2*6 

3*1 

533 

36  4 

M 

229*2 

269*0 

4*0 

6*7 

535 

37  4 

M 

224*5 

268*6 

2*5 

5*4 

555 

61  4 

C 

221*5 

2t'4*0 

3*5 

7*0 

535 

63  4 

C 

218*9 

273.4 

4*5 

7.1 

533 

02  4 

s 

236*5 

291*9 

5*0 

13*5 

555 

03  4 

s 

232*5 

292*0 

5*5 

9*6 

535 

04  4 

s 

232*5 

293*4 

5*0 

12*7 

553 

06  4 

$ 

230*8 

297*5 

4*0 

7*0 

555 

07  4 

5 

226*3 

287*5 

6*0 

10*7 

535 

08  4 

5 

230*0 

288*6 

5*5 

11*2 

555 

09  4 

S 

227*1 

289*5 

6*0 

11*4 

534 

10  4 

S 

228*1 

290*0 

6*0 

13*1 

563 

11  4 

s 

230*0 

295*0 

7.0 

13*9 

555 

22  4 

M 

235*0 

294*0 

3*0 

3*1 

534 

23  4 

M 

232*2 

289*2 

1*8 

4*3 

334 

24  4 

M 

226*5 

290*0 

4*5 

7*7 

563 

23  4 

M 

235*0 

299*5 

3*5 

7*8 

334 

28  4 

M 

227*5 

295*6 

4*0 

7.4 

555 

29  4 

M 

227*5 

291*0 

2*0 

3*0 

555 

30  4 

M 

232*5 

*94  *”0 

3*0 

6*6 

355 

31  4 

M 

231*0 

294*3 

4*5 

7.5 

355 

32  4 

M 

233*0 

294*6 

4*5 

10*6 

532 

33  4 

M 

224*4 

266.8 

2*5 

5*2 

555 

34  4 

M 

236*9 

301*5 

4*0 

5*3 

534 

33  4 

H 

224*5 

273*3 

1*5 

2*3 

553 

36  4 

H 

222*0 

287.5 

4*2 

7.7 

353 

37  4 

M 

224*5 

282*8 

2*0 

3*5 

555 

61  4 

C 

222*0 

262*3 

3*0 

3*5 

555 

63  4 

c 

225*0 

285*0 

3*0 

3.9 

555 

02  4 

s 

231*9 

269*8 

5.5 

14*6 

553 

03  4 

s 

228*1 

289*9 

5*0 

13*4 

553 

04  4 

s 

232*5 

293*5 

4*5 

6*6 

555 

06  4 

s 

232*8 

297.0 

5*5 

10*1 

535 

07  4 

s 

226*8 

287.5 

6*2 

12*2 

555 

08  4 

s 

233*9 

292*0 

5*8 

13*7 

555 

09  4 

s 

230*0 

267*8 

6*5 

14*6 

534 

10  4 

s 

229*3 

287*8 

5*0 

10*2 

363 

11  4 

s 

228*5 

290*0 

6*5 

14*8 

553 

22  4 

M 

236*1 

296*1 

5*0 

6*7 

334 

23  4 

M 

233*2 

290*3 

3*3 

5.9 

534 

24  4 

M 

222*2 

268*2 

3*7 

5*0 

363 

23  4 

M 

235*1 

296*2 

4*5 

12*7 

334 

28  4 

M 

225*1 

293*2 

3*5 

7*6 

555 

29  4 

M 

231*2 

293*0 

3*0 

4*6 

555 

30  4 

M 

231*0 

295*8 

4*0 

5.1 

555 

31  4 

M 

236*5 

299*5 

3*5 

4.7 

555 

32  4 

M 

233*5 

293*2 

2*5 

5*9 

332 

33  4 

M 

228*9 

289*3 

3*0 

4*0 

555 

34  4 

M 

233*5 

293*5 

4*5 

10.5 

534 

33  4 

M 

222*5 

287.0 

2*0 

2*3 

555 

36  4 

M 

225*0 

286*3 

5*0 

9.2 

555 

i 

f 

*r- 
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BILLET 

SECTION 


T 

T 

T 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 


TEST 

SPEC INCH 

YlD.STR.K5I 

NO 

LOCATION 

,29  Off 

97  4 

H 

221*9 

SI  4 

C 

89  4 

C 

229*0 

02  4 

s 

297*0 

09  4 

s 

229*7 

OS  4 

s 

290*0 

OS  4 

s 

299*9 

0?  4 

s 

229*9 

OS  4 

s 

299*2 

Of  4 

s 

227*7 

10  4 

s 

228*4 

11  4 

s 

22S*9 

22  4 

M 

294.4 

29  4 

H 

227*0 

24  4 

N 

229*8 

29  4 

N 

299*9 

20  4 

M 

228*8 

2f  4 

M 

229*9 

90  4 

N 

228*0 

91  4 

N 

292*1 

92  4 

N 

298*1 

99  4 

N 

224*8 

94  4 

N 

299*0 

99  4 

M 

220*0 

94  4 

M 

228*8 

97  4 

M 

224*0 

SI  4 

C 

229*1 

S9  4 

C 

227*9 

ULT.STR 

1 

ft 

KSI 

ELONG 

ft*A* 

BMW 

289*0 

2*0 

4.7 

999 

994 

280*0 

2*0 

4.7 

999 

292*9 

9*0 

10*2 

999 

288*8 

7*0 

14*2 

999 

294*0 

9*0 

11*9 

999 

299*8 

8*9 

19*7 

999 

287*9 

9*0 

7*7 

999 

288*1 

9*9 

19*9 

999 

289*8 

9*9 

10*1 

994 

288*2 

9*9 

4*4 

989 

287*9 

1*0 

1*9 

999 

299*2 

4*9 

11*8 

994 

289*0 

2*8 

9*4 

994 

288*9 

2*9 

9*9 

989 

297*9 

2*9 

4*9 

994 

294*9 

4*9 

9*1 

999 

290*9 

9*0 

9.9 

999 

291*2 

9*9 

4*4 

999 

298*0 

4*9 

9.7 

999 

294*9 

4*0 

7.4 

992 

289*9 

9*0 

4.7 

999 

297*9 

4*8 

7.7 

994 

277.9 

2*0 

4*7 

999 

287*4 

9*0 

11*4 

999 

290*9 

9*9 

4*4 

999 

284*4 

9*0 

9*9 

999 

289*9 

9*0 

9*4 

999 
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SECTION  2 

LONGITUDINAL  TENSILE  PROPERTIES  OF 
AIR  MELT-VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24341-1) 
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LONGI TUOINAL  TENSILE  PROPERTIES 
OP  AIR  MELT-VACUUM  ARC  REMELT 
H  11  STEEL  HEAT  MO#  W  24341-1 


BILLET 

SECTION 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 


C 

c 

c 

c 

c 

c 

c 

c 

t 

c 

c 

c 

c 

c 

0 

0 

0 

D 

0 

0 

D 

0 

D 

D 

D 

D 

0 

D 

0 


TEST 

SPECIMEN 

YID.STB.KSI 

NO 

LOCATION 

.2*  OFF 

14  9 

S 

240.0 

19  9 

S 

241.5 

14  9 

s 

244.5 

IB  9 

s 

247.5 

41  9 

M 

250.5 

42  9 

M 

254.5 

49  9 

M 

255.6 

49  9 

M 

242.0 

44  9 

M 

257.0 

47  9 

M 

49  9 

M 

241.0 

90  9 

M 

244.0 

91  9 

N 

227.5 

49  9 

C 

256.0 

47  9 

C 

259.5 

14  9 

s 

259.5 

19  9 

s 

241.5 

14  9 

s 

259.0 

IB  9 

s 

240.5 

41  1 

M 

252.2 

42  9 

H 

224.0 

49  9 

N 

255.5 

49  9 

M 

259.1 

44  9 

M 

229.5 

47  9 

H 

240.4 

49  9 

N 

245.0 

90  9 

N 

91  9 

M 

255.0 

49  9 

C 

255.8 

14  9 

S 

254.5 

19  9 

s 

257.0 

14  9 

s 

255.6 

IB  9 

s 

240.6 

41  1 

*M 

227.6 

42  9 

M 

226.5 

49  9 

M 

222.0 

49  9 

M 

251.0 

44  9 

M 

250.6 

47  9 

fl 

250.6 

49  9 

M 

241.5 

90  9 

M 

252.5 

91  9 

M 

225.5 

49  9 

C 

257.5 

47  9 

c 

252.0 

14  9 

s 

256.1 

19  9 

s 

254.0 

14  9 

s 

255.6 

IB  9 

s 

257.4 

41  9 

M 

222.6 

42  9 

M 

229.0 

49  9 

M 

227.5 

49  9 

M 

250.1 

44  9 

M 

250.0 

47  9 

M 

255.0 

49  9 

M 

254.5 

90  9 

M 

251.5 

91  9 

M 

222.8 

49  9 

C 

225.0 

47  9 

C 

254.5 

14  9 

s 

258.1 

19  9 

s 

259.5 

14  9 

$ 

257.0 

IB  9 

s 

257.5 

41  9 

M 

227.5 

42  9 

M 

252.5 

49  9 

M 

227.5 

49  9 

M 

250.5 

44  9 

M 

226.0 

47  9 

M 

229.0 

ULT#STR 

« 

% 

KS! 

ELONG 

R.A. 

305.0 

4.0 

11.3 

978 

300.9 

7.8 

23.1 

999 

312.9 

8.0 

19.4 

999 

311#3 

9.7 

21.3 

943 

299*0 

4.0 

4.4 

999 

309.0 

4.0 

8.1 

999 

300.0 

4.2 

4.4 

999 

309.4 

3.0 

4.3 

999 

301.3 

3.2 

9.8 

995 

401 

302.2 

1.9 

4.4 

378 

310.8 

4.0 

4.3 

359 

298.8 

3.3 

3.9 

959 

309.0 

2*9 

3.9 

978 

307.5 

3.3 

9.4 

978 

307.3 

4.0 

12.3 

378 

298.2 

4.8 

9.0 

399 

307.3 

4.9 

7.0 

393 

307.9 

4.0 

13.0 

943 

309.8 

3.0 

9.1 

999 

290.0 

4.9 

4.4 

939 

301.3 

4.9 

7.0 

993 

307.1 

4.0 

10.4 

335 

299.8 

4.0 

12.2 

955 

907.0 

2.0 

3.4 

401 

310.0 

3.0 

3.9 

378 

593 

309.0 

3.0 

9.0 

955 

310.0 

4.0 

9.0 

578 

291.0 

4.9 

8.9 

578 

303.0 

8.0 

21.3 

555 

298.9 

4.9 

19.4 

333 

309.8 

4.2 

9.4 

543 

299.2 

4.9 

10.4 

959 

289.9 

9.9 

12.4 

535 

287.9 

4.2 

7.0 

555 

291.8 

2.0 

7.7 

955 

290.0 

4.2 

7.0 

995 

idili 

i.i 

45 i 

903.8 

2.9 

9.8 

578 

309.0 

4.9 

7.3 

555 

292.0 

9.0 

7.0 

555 

303.8 

2.9 

11.1 

978 

294.3 

4.3 

8.9 

578 

901.4 

9.0 

14.7 

578 

301.8 

8.9 

21.2 

555 

298.0 

7.0 

14.7 

995 

308.7 

8.0 

27.9 

559 

292.3 

3.9 

9.4 

593 

292.0 

9.0 

11.1 

559 

287.9 

2.8 

9.4 

535 

289.8 

4.9 

9.9 

555 

288.8 

9.0 

10.7 

555 

303.8 

3.9 

7.0 

401 

303.0 

2.0 

2.7 

978 

309.0 

9.0 

10.4 

999 

292.8 

3.9 

4.7 

555 

300.0 

3.9 

9.8 

578 

300.0 

3.9 

9.0 

578 

301.4 

4.9 

19.4 

978 

299.9 

8.3 

29.0 

955 

299.9 

7.9 

14.4 

599 

307.9 

9.0 

8.1 

999 

297.9 

4.0 

7.3 

993 

294.8 

9.0 

12.4 

399 

292.9 

4.0 

9.0 

959 

291.0 

4.0 

9.4 

999 

290.0 

3.2 

8.1 

355 

300.0 

3.9 

4.2 

401 

(1-10) 


BILLET 

SECTION 

C 

c 

c 

E 

K 

N 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 


J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

L 

L 

L 

L 

L 

L 

L 

L 


TEST 

SPECIMEN 

yld.str.ksj 

ult.str 

ft 

ft 

NO 

LOCATION 

•29  OFF 

KSI 

ELONG 

8.  A. 

6HN 

49  » 

N 

236*5 

303*6 

2.8 

3.9 

978 

SO  9 

M 

292.1 

298.1 

7.0 

18.5 

955 

SI  9 

M 

229.4 

294.3 

3.9 

4.9 

959 

49  9 

C 

228.0 

297.5 

5.0 

6.9 

378 

47  9 

C 

294.9 

295.0 

9.0 

3.3 

578 

14  9 

s 

902.8 

8.2 

20.4 

578 

19  9 

s 

236*0 

299.9 

4.5 

14.8 

999 

14  9 

s 

236.7 

299.9 

8*5 

91.2 

399 

IS  9 

s 

236.7 

298.9 

8.0 

26.6 

995 

41  9 

M 

232.5 

290.8 

4.0 

9.2 

669 

42  9 

M 

292.9 

293.0 

9.5 

14.6 

599 

49  9 

M 

226*5 

291.0 

4.0 

6.3 

995 

49  9 

M 

292.1 

290.2 

2.0 

9.9 

996 

44  9 

M 

229.9 

289.8 

3.5 

19.6 

999 

47  9 

M 

299.9 

298.9 

9.0 

7.9 

978 

49  9 

M 

210.0 

274.3 

9.9 

15.6 

978 

90  9 

N 

215*0 

277.0 

4.0 

17.4 

999 

91  9 

M 

232.6 

297.1 

4*0 

7.3 

539 

49  9 

C 

228.1 

294.3 

4.0 

4.7 

553 

47  9 

C 

228.9 

293.0 

4*2 

6.9 

578 

14  9 

s 

236.0 

900.5 

4.0 

10.5 

978 

19  9 

s 

236.8 

297.3 

7.3 

20.9 

399 

14  9 

s 

236*6 

299.3 

4.9 

16.8 

593 

IS  9 

s 

240.9 

300.4 

7.0 

11.6 

399 

41  9 

H 

227.9 

289.0 

4.0 

4.2 

939 

42  9 

H 

229.9 

289.3 

7.5 

16.4 

999 

49  9 

M 

226*0 

291.9 

4.8 

4.4 

535 

49  9 

M 

227.9 

289.5 

4.0 

6.9 

355 

44  9 

N 

226*8 

289.6 

4.9 

13.1 

539 

47  9 

M 

226*7 

287.2 

2.5 

9.2 

401 

49  9 

M 

298.1 

299.0 

4.0 

7.8 

978 

90  9 

H 

236.5 

297.5 

4.0 

11.1 

993 

91  9 

M 

225.0 

291.9 

4.6 

4.4 

999 

49  9 

C 

229.8 

300.0 

5.0 

6.9 

578 

47  9 

C 

230*0 

292.5 

9.0 

10.7 

578 

14  9 

s 

297.9 

298.5 

8.0 

21.7 

978 

19  9 

s 

299.9 

293.9 

7.9 

16.7 

595 

14  9 

s 

299.0 

903.0 

7.0 

14.3 

935 

IS  9 

s 

249.0 

295.9 

4.5 

16.4 

555 

41  9 

M 

227.8 

297.3 

4.9 

7.3 

995 

42  9 

H 

291. S 

292.9 

4.9 

10.4 

959 

49  9 

H 

227.0 

291.3 

9.6 

9.2 

553 

49  9 

M 

229*9 

287.9 

4*0 

7.4 

555 

44  9 

M 

224.8 

290.0 

7.6 

17.7 

539 

47  9 

M 

230.0 

302.5 

3.9 

7.7 

601 

49  9 

H 

299.0 

302.5 

3.3 

12.2 

576 

90  9 

M 

239.8 

300.8 

4.3 

12.2 

533 

91  9 

H 

221.8 

290.0 

4.8 

9.2 

355 

49  9 

C 

229.0 

300.0 

5.0 

5.8 

378 

47  9 

c 

230.0 

290.0 

9.0 

4.7 

578 

14  9 

s 

239.7 

294.5 

5.5 

16.9 

555 

19  9 

s 

239.7 

900.8 

4.0 

12.3 

578 

14  9 

s 

231.0 

299.5 

7.5 

19.2 

555 

IS  9 

s 

237.9 

297.5 

7.0 

19.5 

955 

41  9 

N 

224.8 

291.3 

5.6 

8.1 

555 

42  9 

M 

228.0 

291.5 

5.5 

10.4 

355 

49  9 

M 

221.8 

284.9 

4.0 

7.7 

955 

49  9 

M 

228.0 

286.5 

4.0 

7.7 

559 

44  9 

N 

228.0 

292.5 

6.0 

10.7 

533 

47  9 

H 

227.3 

297.5 

5.0 

7.7 

559 

49  9 

H 

229.3 

298.3 

3.6 

4.7 

555 

90  9 

N 

291.8 

302.0 

4.9 

6.4 

555 

91  9 

M 

221.0 

289.9 

2.6 

5.4 

559 

49  9 

C 

222.9 

292.5 

4.0 

5.8 

978 

47  9 

C 

229.9 

292.2 

5.5 

3.9 

578 

14  9 

s 

291.4 

297.8 

7.0 

1H.9 

559 

19  9 

s 

299.2 

300.8 

9.0 

24.5 

978 

14  9 

$ 

299.9 

300.0 

7.3 

17.8 

555 

IS  9 

s 

235.4 

908.3 

6.0 

10.4 

539 

41  9 

M 

220.0 

268.8 

3.0 

9.6 

555 

42  9 

N 

229.5 

288.5 

5.0 

9.6 

553 

49  9 

H 

220.9 

265.0 

4.0 

11.1 

559 

49  9 

N 

227.0 

287.9 

2.9 

6.3 

959 

(1-H) 
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BILLET 

SECTION 

L 

L 

L 

L 

L 

L 

L 

H 

M 

M 

M 

M 

H 

M 

M 

M 

M 

M 

N 

H 

N 

N 


N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 


S 

$ 

S 

$ 

s 

$ 

$ 

s 

s 

s 

s 

$ 

5 

S 

S 

T 

T 

T 

T 

T 

T 


TEST 

SPECIMEN 

YLD.STR.K 

NO 

LOCATION 

•29  OFF 

4S  ft 

M 

228*3 

47  ft 

M 

229*7 

4*  5 

M 

234.5 

ftO  ft 

M 

234*0 

ftl  ft 

M 

218*1 

6ft  ft 

C 

222*9 

67  5 

c 

225. ft 

14  ft 

6 

236.0 

1ft  ft 

S 

233*0 

16  ft 

S 

233*8 

IS  ft 

s 

236*9 

41  ft 

M 

222*8 

42  9 

M 

223*ft 

4ft  ft 

M 

224*9 

4ft  ft 

M 

228*1 

46  ft 

M 

222*8 

47  9 

M 

225*0 

49  9 

M 

227*9 

90  ft 

M 

228*8 

ftl  ft 

M 

222*8 

65  9 

c 

225*0 

67  ft 

C 

226*3 

14  ft 

S 

234*0 

1ft  ft 

S 

231*5 

16  ft 

s 

234*8 

IS  ft 

s 

243*1 

41  ft 

M 

223*3 

42  ft 

M 

228*0 

43  ft 

M 

223*0 

4ft  ft 

M 

226*0 

46  ft 

M 

226*1 

47  ft 

M 

223*0 

49  ft 

M 

229*1 

90  ft 

M 

236*2 

ftl  ft 

M 

221*6 

65  ft 

C 

224*3 

67  ft 

c 

231*9 

14  ft 

s 

239*1 

1ft  ft 

s 

232*9 

16  ft 

s 

234*2 

IS  ft 

s 

240*9 

41  ft 

M 

226*3 

42  ft 

M 

226*0 

43  ft 

M 

229*3 

4ft  ft 

M 

230*1 

46  ft 

M 

229*0 

47  ft 

M 

229*0 

49  5 

M 

231*0 

50  ft 

M 

232*9 

ftl  ft 

M 

220*0 

69  5 

C 

224*9 

67  ft 

C 

229*5 

14  ft 

s 

233*0 

15  ft 

s 

231*2 

16  ft 

s 

234*3 

IS  ft 

s 

238*0 

41  ft 

M 

223*0 

42  ft 

M 

224*1 

43  ft 

M 

224*3 

4ft  5 

M 

224*4 

46  ft 

M 

224*0 

47  ft 

M 

223*8 

49  ft 

M 

227*8 

90  ft 

M 

226*6 

ftl  ft 

M 

220*8 

6ft  5 

c 

224*9 

67  ft 

c 

2  29.0 

14  ft 

s 

230*5 

15  ft 

$ 

230*5 

16  ft 

s 

231*5 

IS  ft 

s 

232*5 

41  ft 

M 

224*8 

42  ft 

M 

224*5 

ULT.STR 

% 

ft 

KSI 

ELONG 

R*A* 

BHN 

206*3 

2*5 

4.7 

ftftft 

298*6 

3*5 

3*9 

55ft 

297.0 

4*5 

6*6 

ftftft 

296.0 

5*3 

11*7 

555 

206.0 

5*5 

6*6 

ftftft 

291*3 

6*5 

12*2 

959 

292*2 

3*0 

8*6 

976 

298*3 

8*0 

16.6 

ftftft 

295*2 

6*0 

14*2 

978 

293*7 

7.5 

19.1 

555 

299.6 

6*5 

19.9 

555 

292. 5 

4*5 

6*1 

555 

291*5 

4*5 

9*6 

555 

286*3 

4*0 

7.0 

555 

287.2 

4*5 

10*1 

ftftft 

200.6 

4*2 

8*5 

ftftft 

295*0 

5*0 

9*6 

555 

296*3 

4*5 

6*6 

555 

293.8 

4*0 

6.9 

555 

268*8 

3*6 

6*2 

595 

292*5 

4*0 

10*0 

595 

293.0 

3*5 

5*0 

576 

299*9 

8*0 

15*3 

555 

291*5 

7*5 

20*6 

578 

297*5 

5*0 

10*0 

555 

293.0 

6*5 

16*0 

ftftft 

284*5 

4*0 

7.4 

ftftft 

289*0 

5*5 

14*1 

555 

266*3 

4*8 

6*5 

ftftft 

265*6 

4*0 

6*1 

ftftft 

290.0 

4*0 

6.7 

ftftft 

296*3 

3*5 

5*0 

ftftft 

296*2 

3*5 

6*3 

ftftft 

301*3 

4*5 

7*8 

ftftft 

288*3 

4*0 

5*4 

555 

291*3 

5*0 

6*1 

559 

293*0 

4*5 

7.3 

576 

298*6 

6*5 

17*8 

ftftft 

296*0 

7.9 

19*7 

576 

298*8 

7*3 

15*1 

ftftft 

308*2 

6*5 

14*9 

ftftft 

287*5 

5*2 

10*7 

555 

285*9 

640 

T.3 

339 

288*8 

5*5 

10*4 

555 

289*8 

4*0 

10*6 

555 

292.  ft 

5*6 

12*2 

555 

298*8 

6*0 

9.2 

555 

292*0 

3*5 

7.0 

555 

298*2 

5*5 

11*4 

555 

285*5 

4*3 

7.7 

555 

293*8 

5*5 

10*7 

555 

293*2 

6*0 

12.7 

976 

297.3 

7*5 

18*4 

555 

294*5 

7*8 

19*6 

578 

296*6 

7.0 

17*8 

555 

297  •  ft 

8*0 

23*0 

555 

290.0 

4*8 

7*3 

555 

284*5 

6*0 

10*4 

595 

288*6 

5*5 

10*0 

555 

284*5 

4*5 

9.7 

555 

267*5 

6*0 

11*9 

955 

287*5 

3*5 

5*4 

ftftft 

293*6 

3*3 

5*4 

555 

296*8 

5*0 

11*1 

555 

288*6 

4*3 

7.3 

555 

291*7 

5*0 

7*8 

555 

292*0 

5*0 

9*2 

576 

293*3 

7.0 

16*6 

ftftft 

295*8 

6*5 

17.1 

578 

296*2 

7*5 

18*7 

555 

295*0 

7*0 

17.4 

555 

290.0 

3*2 

4*3 

595 

268*0 

5*0 

7.3 

595 

i 

i 


(1-12) 


SECTION 

T 

T 

T 

T 

T 

T 

T 

T 

T 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 


TEST 

SPECIMEN 

YlD.STR.KS I 

ult*$tr 

ft 

ft 

MO 

LOCATION 

2%  Off 

KSI 

ELOMG 

R*A* 

6HN 

49  9 

M 

221*6 

269*0 

4*0 

9*4 

999 

49  9 

M 

226*9 

269*3 

4*9 

9*3 

999 

44  9 

M 

222*9 

290*0 

9*2 

9*6 

399 

47  9 

M 

229*6 

296*3 

4*0 

6*6 

995 

49  9 

M 

293*0 

296*2 

4*3 

9*9 

999 

90  9 

M 

227*3 

300*0 

9*0 

11*9 

999 

91  9 

M 

229*0 

267*3 

9*9 

10*0 

999 

49  9 

C 

229*9 

293*6 

9*9 

10*7 

999 

47  9 

c 

229*1 

290*1 

4*9 

7.4 

976 

14  9 

s 

226*9 

294*0 

6*9 

14*9 

333 

19  9 

s 

292*1 

6*0 

14*9 

976 

14  9 

s 

233*9 

297*3 

7*0 

19*2 

399 

16  9 

s 

232*9 

296*0 

7*0 

13*3 

399 

41  9 

M 

223*9 

266*6 

4*2 

6*9 

999 

42  9 

M 

224*9 

269*3 

9*0 

6*9 

353 

49  9 

M 

222*9 

286*3 

4*0 

7*3 

333 

46  9 

M 

226*9 

283*3 

4*9 

7*3 

999 

44  9 

M 

223*0 

266*6 

9*2 

10*7 

999 

47  9 

M 

223*3 

297*3 

4*3 

7.3 

999 

4f  9 

M 

231*0 

296*3 

4*0 

8*9 

339 

90  9 

M 

233*1 

300*9 

3*9 

11*2 

999 

91  9 

M 

222*3 

290*0 

4*3 

7*3 

999 

49  9 

C 

223*0 

292*9 

9*0 

7*7 

993 

47  9 

c 

226*9 

290*6 

6*0 

11*9 

378 

SECTION  3 


TRANSVERSE  NOTCHED  TENSILE  PROPERTIES  OF 
AIR  MELT-VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24341-l) 


BILLET 

SECTION 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

B 

6 

B 

I 

B 

B 

B 

B 

B 

B 

C 

c 

c 

c 

c 

c 

c 

c 

c 

c 

c 

p 

0 

D 

D 

0 

D 

0 

D 

0 

P 

P 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

E 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

I 

I 


TEST 

SPECIMEN 

ULT  5TR 

N/S  U.S, 

NO* 

LOCATION 

KSI 

RATIO 

BHN 

1  4 

$ 

234*7 

0.82 

555 

5  4 

S 

243*5 

0.83 

555 

12  4 

s 

237.3 

0.82 

578 

20  4 

M 

198*3 

0.66 

555 

21  4 

H 

173*2 

555 

24  4 

H 

148*8 

0.69 

555 

27  4 

M 

184*7 

0.60 

555 

38  4 

N 

210*2 

0.71 

555 

39  4 

H 

174*9 

0.59 

532 

40  4 

C 

161*3 

544 

42  4 

C 

117*5 

0.61 

335 

1  4 

s 

211*8 

0.73 

555 

3  4 

s 

271.0 

0.93 

555 

12  4 

s 

269*8 

0.93 

378 

20  4 

M 

186*0 

0.69 

535 

21  4 

N 

166*5 

0.55 

555 

24  4 

N 

174*4 

0.58 

555 

27  4 

H 

203*3 

0.67 

535 

38  4 

M 

182*0 

0.62 

555 

39  4 

H 

214*9 

0.71 

532 

40  4 

C 

173*3 

0.59 

544 

42  4 

c 

125*2 

0.56 

535 

1  4 

s 

244*4 

0.88 

555 

3  4 

s 

218*9 

0.76 

555 

12  4 

5 

232*9 

0.78 

378 

20  4 

M 

217.7 

0.75 

555 

21  4 

N 

203*3 

0.71 

335 

24  4 

M 

132*8 

0.51 

533 

27  4 

H 

179.7 

0.62 

335 

38  4 

N 

220*9 

0.75 

535 

39  4 

H 

235*8 

0.82 

532 

40  4 

C 

215*2 

0.75 

344 

42  4 

C 

157*3 

0,57 

553 

1  4 

s 

235*2 

0.80 

535 

3  4 

s 

268*0 

0.92 

553 

12  4 

s 

230*9 

0.78 

578 

20  4 

H 

162*4 

0.56 

535 

21  4 

M 

162*1 

0.56 

535 

24  4 

M 

164*7 

O.SS 

555 

27  4 

H 

155*8 

335 

38  4 

N 

261*3 

0.90 

555 

39  4 

M 

155*5 

0.56 

532 

40  4 

C 

168*8 

0.61 

344 

42  4 

C 

181*9 

0.66 

535 

1  4 

8 

248*5 

0.85 

555 

3  4 

S 

247*5 

0.86 

355 

12  4 

5 

261*0 

0.87 

578 

20  4 

M 

182*9 

0.63 

535 

21  4 

M 

213*5 

0*76 

555 

24  4 

H 

224*5 

0.76 

555 

27  4 

M 

229*9 

0.78 

533 

38  4 

M 

198*4 

0.68 

555 

39  4 

M 

149*7 

0.52 

532 

40  4 

C 

171*2 

0.61 

544 

42  4 

C 

196*3 

0.69 

555 

1  4 

ft 

210*5 

0.72 

555 

5  4 

ft 

224*0 

0.78 

555 

12  4 

ft 

249*2 

0.83 

378 

20  4 

M 

219*7 

0.76 

535 

21  4 

M 

248*3 

O.SS 

355 

24  4 

M 

208*7 

0.71 

553 

27  4 

M 

184*5 

0*65 

339 

38  4 

M 

243*5 

0.86 

933 

39  4 

M 

173*4 

0.60 

532 

40  4 

C 

142*8 

0.50 

544 

42  4 

c 

184*0 

0.65 

595 

1  4 

ft 

248*3 

0.83 

955 

3  4 

ft 

284*2 

0.99 

555 
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B1UCT 

test 

SPECIMEN 

SECTION 

NO* 

LOCATION 

I 

12  4 

S 

I 

20  4 

M 

I 

21  4 

N 

I 

24  4 

M 

I 

27  4 

M 

I 

30  4 

M 

I 

39  4 

M 

I 

40  4 

C 

I 

42  4 

C 

J 

1  4 

s 

J 

3  4 

s 

J 

12  4 

s 

J 

20  4 

M 

J 

21  4 

M 

J 

24  4 

M 

J 

27  4 

H 

J 

30  4 

M 

J 

39  4 

M 

J 

40  4 

C 

J 

42  4 

c 

K 

1  4 

s 

K 

3  4 

s 

K 

12  4 

s 

K 

20  4 

M 

K 

21  4 

M 

K 

24  4 

M 

K 

27  4 

M 

K 

30  4 

M 

K 

39  4 

M 

1C 

40  4 

C 

K 

42  4 

c 

L 

1  4 

s 

L 

3  4 

s 

L 

12  4 

s 

L 

20  4 

N 

L 

21  4 

M 

L 

24  4 

M 

t 

27  4 

H 

L 

30  4 

N 

L 

19  4 

M 

L 

40  4 

C 

L 

42  4 

c 

M 

1  4 

0 

M 

3  4 

0 

H 

12  4 

0 

N 

20  4 

M 

M 

21  4 

N 

M 

24  4 

N 

M 

27  4 

N 

M 

10  4 

M 

M 

39  4 

H 

N 

40  4 

C 

N 

42  4 

c 

N 

1  4 

s 

N 

3  4 

s 

N 

12  4 

s 

N 

20  4 

N 

N 

21  4 

N 

N 

24  4 

.M 

N 

27  4 

M 

N 

30  4 

M 

N 

39  4 

M 

N 

40  4 

C 

N 

42  4 

C 

P 

1  4 

s 

P 

3  4 

0 

P 

12  4 

$ 

P 

20  4 

N 

P 

21  4 

M 

P 

24  4 

N 

P 

27  4 

N 

P 

30  4 

N 

ULT  STR 

N/S  U*S* 

KSI 

RATIO 

BHN 

270*0  . 

0.91 

570 

231*0 

0.05 

555 

175.2 

0.61 

555 

214*9 

0.71 

555 

191*0 

0.66 

555 

233*2 

0.81 

555 

174*4 

0.62 

532 

197.3 

0.69 

544 

149.2 

0.52 

553 

233*2 

0*07 

535 

203*0 

1.02 

555 

147*3 

0.60 

570 

242*0 

0*90 

555 

240.5 

0.85 

555 

241*0 

0.80 

555 

213*4 

0.72 

553 

252*3 

0.88 

555 

213*1 

0.74 

532 

140*0 

0.50 

544 

190.0 

0*67 

333 

221*4 

0.76 

335 

253*4 

0.88 

335 

230*9 

0.85 

555 

241*7 

0.82 

534 

150.5 

0.52 

534 

179*0 

0.67 

534 

101*4 

0.62 

534 

244*4 

0*04 

534 

211*2 

0.74 

332 

213*0 

0.75 

334 

217.7 

0.77 

534 

263*7 

0.90 

553 

205.9 

0.92 

555 

242*4 

0.89 

555 

260*0 

0.89 

533 

145*0 

0.57 

334 

236*0 

0.79 

334 

210*2 

0.75 

534 

170*0 

0.59 

534 

170*5 

0.60 

332 

204*0 

0.79 

534 

204*3 

0.72 

534 

260*0 

0.92 

555 

237*2 

0.81 

555 

141*0 

0.48 

553 

151*9 

0.59 

534 

099*4 

0.95 

334 

244*6 

0.82 

534 

191*3 

0.65 

534 

261*0 

0,94 

334 

204*0 

0.71 

532 

134*4 

0.47 

534 

172*2 

0.61 

534 

231*3 

0.85 

555 

227*0 

0.79 

555 

257*6 

0.88 

555 

212*3 

0.75 

334 

146*2 

0.50 

534 

160*0 

0.58 

334 

105*6 

0.65 

534 

216*2 

0.75 

534 

149*6 

0.59 

532 

202*5 

0.79 

534 

171*0 

0.61 

534 

230*9 

0.79 

555 

244*4 

0.86 

353 

263*5 

0.88 

355 

105*4 

0.64 

334 

191*9 

0.66 

534 

216*9 

0.74 

534 

200*5 

0.69 

534 

256*2 

0.89 

534 
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<<<<<<<<<<< 


ULT  STH 
K6I 


39  4 

40  4 
42  4 


M 

C 

C 


207.6 

139*4 

190*0 


1  4 
9  4 
12  4 

20  4 

21  4 
24  4 
27  4 
90  4 
99  4 
40  4 
42  4 


S 

S 

• 

H 

N 

M 

M 

M 

H 

C 

C 


299*0 

249*0 

230*3 

209*9 

200*9 

211*1 

142*4 

220*9 

169*0 

104*3 

206*4 


N/S  U.S* 
RATIO 


0.72 

0*96 

0*49 


992 

994 

934 


0*02 

0*07 

0*00 

0*72 

0*49 

0*71 

0*94 

0.77 

0*69 

0*44 

0*72 


999 

999 

999 

994 

994 

994 

994 

994 

992 

994 

394 


T 

T 

T 

T 

T 

7 

T 

T 


1  4 
9  4 
12  4 
20  4 
21  4 
24  4 
27  4 
90  4 
99  4 
40  4 
42  4 


S 

S 

s 

H 

N 

M 

M 

M 

M 

C 

c 


202*6 

249*9 

200*9 

299*0 

190*0 

242*4 

214*0 

240*9 

106*9 

199*9 

190*0 


0*97 

0*03 

0.72 

0*02 

0*94 

0*02 

0*79 

0*04 

0*66 


0*71 


939 

994 


1  4 
3  4 
12  4 

20  4 

21  4 
24  4 
27  4 
90  4 
99  4 
40  6 
42  4 


0 

0 

S 

H 

M 

M 

M 

M 

M 

C 

C 


299*9 

229*0 

142*7 

294*9 

100*2 

199*0 

209*4 

200*5 

247*1 

174*9 

102*4 


0*01 

0*00 

0*99 

0*02 

0*42 

0*67 

0*72 

0*70 

0*92 

0*41 

0*44 


995 

555 

355 

555 

394 

334 

994 

534 

992 

934 

934 
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SECTION  4 

LONGITUDINAL  NOTCHED  TENSILE  PROPERTIES  OF 
AIR  MELT-VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24341-l) 


(1-18) 


4ILLET 

section 

A 

A 

A 

A 

A 

A 

A 

B 

e 

a 

a 

a 

a 

a 

c 

c 

c 

c 

c 

c 

c 

D 

0 

0 

D 

0 

D 

0 


« 

K 

H 

H 

H 

H 

H 

I 

I 

I 

I 

I 

t 

I 

J 

J 

J 

J 

J 

J 

J 

K 

K 

K 

K 

K 

K 

1C 

L 

L 


LONGITUDINAL  NOTCHED  TCNSILC  PROPERTIES 
OP  AIR  MELT -VACUUM  ARC  REMELT 
H-U  STEEL  MEAT  MO*  W~2434l~i 


TEST 

SPECIMEN 

ULT  STft 

N/S  U*S* 

NO* 

LOCATION 

KS] 

RATIO 

BHN 

IS  3 

S 

235*9 

0.77 

334 

17  5 

S 

260*0 

0*44 

378 

40  5 

M 

253*5 

0*83 

944 

44  5 

M 

232.2 

0.77 

999 

4B  9 

M 

255.0 

0*82 

999 

44  5 

C 

234*5 

0.77 

999 

44  9 

C 

151*2 

0.49 

339 

IS  9 

s 

276.0 

0.90 

334 

17  3 

s 

201.0 

0.92 

578 

40  3 

M 

255.7 

0*88 

534 

44  3 

M 

275.0 

0.93 

333 

44  3 

M 

304.9 

993 

44  3 

C 

243.2 

0.76 

953 

44  3 

C 

100.0 

0.99 

559 

19  3 

s 

202.2 

0.97 

934 

17  3 

s 

256.2 

0.84 

378 

40  3 

M 

290.0 

1.00 

944 

44  3 

M 

236.9 

0.82 

999. 

44  3 

M 

244.9 

0.80 

999 

44  3 

C 

299.0 

0.98 

995 

44  3 

c 

247.0 

0.44 

995 

13  3 

s 

269.0 

0.89 

534 

17  3 

s 

276.9 

0.90 

378 

40  .3 

M 

265.4 

0.91 

555 

44  3 

M 

259.9 

0.90 

999 

44  3 

M 

219.7 

0.72 

999 

44  3 

C 

193.0 

0.44 

553 

44  3 

c 

232.0 

0.77 

595 

19  9 

4 

271.9 

0.90 

994 

17  3 

S 

249.1 

0.80 

578 

40  3 

M 

261.0 

0.89 

995 

44  3 

M 

290.0 

0.89 

955 

44  3 

M 

260.0 

0.87 

995 

44  3 

C 

223.4 

0.79 

999 

44  3 

c 

233.3 

0.79 

595 

13  3 

s 

234.0 

0.78 

994 

17  9 

s 

310.9 

1.07 

578 

40  9 

M 

291.0 

0.84 

955 

44  5 

M 

279.3 

0.94 

555 

44  9 

M 

246.7 

0.89 

599 

44  9 

C 

251.0 

0.89 

359 

44  3 

c 

222.2 

0.79 

999 

19  9 

4 

230.3 

0.77 

994 

17  9 

S 

295.0 

0.98 

978 

40  3 

M 

297.2 

1.03 

955 

44  9 

M 

206.2 

1.00 

559 

44  9 

M 

201.9 

0.99 

599 

44  9 

C 

179.0 

0.40 

993 

44  9 

c 

299.0 

0.80 

999 

13  9 

s 

293.1 

0.98 

994 

17  9 

s 

200.0 

0.97 

378 

40  9 

M 

240.9 

0.82 

995 

44  9 

M 

200.9 

0.97 

999 

44  9 

M 

209.6 

0.94 

999 

44  9 

C 

259.5 

0.89 

595 

44  3 

c 

267.1 

0.92 

559 

13  9 

s 

299.7 

0.79 

534 

17  9 

$ 

271.9 

0.91 

395 

40  9 

M 

272.0 

0.93 

559 

44  9 

M 

270.0 

0.92 

992 

44  9 

M 

290.2 

0.89 

992 

44  5 

C 

240.0 

0.42 

994 

44  9 

c 

201.2 

0.49 

999 

13  9 

s 

240.9 

0.84 

594 

17  3 

s 

279.9 

0.91 

955 
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TMT 

MO. 


ULT  STR 
K$I 


L 

ft. 

ft. 

t 

ft. 


44  I 
4$  9 
44  9 
44  9 


H 

ft 

H 

C 

C 


274*0 

294*3 

299*0 

249*4 

229*9 


NKa5t^5- 


BHN 


0*99 

0*90 

0*44 

0*44 

0*79 


499 

992 


992 

994 

999 


ft 

ft 

ft 

ft 

H 

M 

ft 


19  9  4 

27  9  S 

40  9  N 

44  I  ft 

44  9  ft 

44  9  C 

44  9  C 


229*9 

242*0 

229*9 

247*4 

249*9 

299*7 

217*2 


0*72  994 
0*41  994 
0*74  999 
0*44  992 
0*49  992 
0*93  994 
0*74  999 


ft 

ft 

ft 

ft 

ft 

ft 

ft 


T 

T 

T 

V 

V 

V 

V 

V 

V 

V 


29  9 

4 

242*0 

17  9 

4 

290*2 

40  9 

M 

204*6 

44  9 

ft 

160*0 

44  9 

ft 

167*2 

44  9 

C 

211*9 

44  9 

C 

204*3 

19  9 

4 

249*0 

17  9 

4 

293*2 

40  9 

ft 

296*9 

44  9 

M 

231*1 

44  9 

ft 

244*6 

44  9 

C 

237*9 

44  9 

c 

194*2 

13  9 

4 

147*9 

17  9 

4 

242*0 

40  9 

ft 

224*0 

44  9 

M 

246*0 

44  9 

ft 

249*2 

44  9 

C 

213*9 

44  9 

c 

214*7 

13  9 

4 

237*9 

17  9 

4 

294*9 

40  9 

M 

292*0 

44  9 

ft 

244*4 

44  9 

ft 

296*0 

44  9 

C 

167*9 

44  9 

C 

166*0 

19  9 

s 

297*9 

17  9 

4 

226*9 

40  9 

M 

242*3 

44  9 

ft 

214*9 

44  9 

ft 

204*0 

44  9 

C 

190*0 

44  9 

c 

214*1 

0.S7 

934 

0.99 

999 

0.72 

999 

0.82 

932 

0.82 

992 

0.7J 

994 

0.70 

999 

0.89 

994 

0.82 

999 

0.91 

599 

0.79 

532 

0.82 

592 

0.81 

594 

0.87 

555 

0.89 

594 

0.99 

955 

0.79 

553 

0.88 

532 

0.89 

532 

0.79 

594 

0,74 

339 

0.81 

534 

0.87 

955 

0.88 

335 

0.89 

992 

0.7* 

592 

0.84 

594 

0.89 

935 

0.81 

994 

0.77 

393 

0.84 

359 

0.79 

592 

0.88 

392 

0.89 

994 

0.74 

993 
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APPENDIX  II 


TENSILE  PROPERTIES  OF  AIR  MELT-D30AS -VACUUM  ARC 
REMELT  H-ll  STEEL  (HEAT  NO.  W-24342-Vl) 


(2-1) 


SECTION  1 

TRANSVERSE  TENSILE  PROPERTIES  OF 
AIR  MELT-DEOAS-VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24342-V1) 


(2-2) 


(2-3) 


(iSBBBSBBSBHSSS  5HI5HSII5HS5SISS5i5H  IStlSsiUnisHsISf 


0 


D 

0 

D 

D 

0 

0 

0 

D 

0 

D 

D 

0 

0 

0 

0 

0 

0 

0 

D 

D 

E 

E 

E 

E 

E 

E 

E 

E 

E 

(  e 

E 

E 

E 

E 

I 

E 

E 

E 

E 

E 

E 

E 

E 

E 

H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 
H 


i 


TEST 

SPECIMEN 

YLO*STft*K$l 

NO 

LOCATION 

.20  OOF 

IT  4 

M 

229*1 

SI  4 

C 

210*1 

SI  4 

c 

211*5 

02  4 

s 

221*1 

01  4 

s 

22S*0 

04  4 

s 

224.0 

OS  4 

s 

224*6 

0?  4 

$ 

221*9 

00  4 

s 

222*1 

Of  4 

s 

214*1 

10  4 

$ 

211*0 

11  4 

s 

210*5 

22  4 

H 

241*5 

21  4 

M 

214*1 

24  4 

N 

210*0 

21  4 

N 

215*1 

20  4 

N 

220*6 

29  4 

M 

217*5 

10  4 

M 

210*5 

11  4 

M 

12  4 

N 

254*5 

II  4 

M 

212*5 

14  4 

N 

224*0 

15  4 

N 

22S*6 

IS  4 

N 

219*1 

17  4 

N 

227.0 

SI  4 

C 

214*5 

SI  4 

C 

214*5 

02  4 

s 

210*0 

01  4 

s 

225*0 

04  4 

s 

220*1 

OS  4 

s 

229*1 

07  4 

s 

224*9 

00  4 

s 

226*6 

Of  S 

s 

211*7 

10  4 

s 

211*0 

11  4 

s 

212*5 

22  4 

M 

259*0 

21  4 

N 

251*5 

24  4 

H 

214*5 

25  4 

H 

240*0 

20  4 

N 

210.0 

2f  4 

M 

211*5 

10  4 

M 

233.* 

11  4 

M 

210*6 

12  4 

N 

219*0 

II  4 

M 

216*5 

14  4 

M 

222*5 

15  4 

H 

227*1 

IS  4 

N 

221*6 

17  4 

N 

210*0 

SI  4 

C 

211*1 

SI  4 

C 

231*1 

02  4 

S 

227*5 

01  S 

s 

211*5 

04  4 

s 

220*3 

OS  4 

s 

221*0 

07  4 
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4*0 

3*2 

5*5 

3*5 

2*5 

5*3 


5*0 

4*5 

4*0 

6*9 

4*3 

5*5 

ft.O 


11*2 

22*1 

19.2 

15*2 

6*6 

11*5 

6*6 

3*9 

10*7 

6*6 

4.7 

0*9 


ii*9 

0*1 

6*0 

14*9 

0*4 

10*7 

6*2 


544 

563 

555 

555 

570 

570 

955 

555 

595 

570 

570 

563 


2*3 

4*7 

555 

4*5 

0*9 

ftftft 

4*5 

7*3 

555 

2*9 

4*3 

544 

5*3 

11*1 

563 

0*0 

15.4 

ftftft 

0*5 

20*4 

995 

Jf* 

♦.a 

970 

5.5 

u*i 

570 

3*3 

9*9 

999 

2*2 

3*9 

555 

6*0 

10*7 

955 

4*» 

7*0 

570 

5*9 

0*2 

970 

4.5 

12*3 

555 

2*0 

4*0 

995 

4*5 

0*6 

ftftft 

5*2 

7.0 

ftftft 

0*2 

16*6 

544 

5*5 

16*3 

555 

5*5 

11*9 

555 

7*3 

14*1 

ftftft 

3*5 

6*6 

570 

4*5 

7*3 

>70 

4*5 

7*6 

995 

4*5 

7.7 

555 

»5» 

570 

570 

55ft 

959 

55ft 

555 


229*3 

2*4.5 

220*0 

2*4.5 

230*0 

29*.) 

220*0 

2**.) 

234*0 

JOO.O 

232*5 

299.) 

5*0 

0*9 

544 

4*0 

22*3 

599 

7*0 

16*6 

999 

6*3 

11*9 

955 

6*0 

9*2 

970 

6*5 

22*7 

970 
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IIUKT 

TI07 

4f CCIMCN 

YLD*OTft*K$l 

ult.str 

ft 

ft 

OfCTIOM 

MO 

LOCATION 

.29  Off 

KSI 

eioNo 

R*A* 

Brin 

T 

41  9 

M 

290*0 

299*0 

9*9 

0*9 

999 

T 

4»  1 

M 

290*0 

902*9 

9*0 

7*9 

999 

T 

44  9 

N 

229*ft 

294*9 

4*9 

19*7 

999 

T 

47  9 

M 

299*0 

902*9 

4*9 

7*9 

970 

T 

49  9 

M 

294*2 

901*ft 

4*0 

7*9 

970 

T 

90  9 

M 

290*0 

904*9 

9*0 

0*9 

999 

T 

91  9 

N 

299*9 

901*9 

4*0 

7*7 

999 

T 

49  9 

C 

299*0 

299*4 

2*9 

9*1 

999 

T 

47  9 

c 

290*9 

900*0 

4*0 

9*0 

999 

V 

14  9 

ft 

224*0 

287*0 

9*0 

29*9 

944 

V 

19  9 

ft 

219*9 

27ft*l 

0*9 

22*9 

949 

V 

14  9 

ft 

229*9 

209*9 

7*0 

19*9 

999 

V 

19  9 

ft 

294*9 

909*0 

0*9 

21*9 

999 

V 

41  9 

M 

224*0 

290*0 

9*9 

19*0 

970 

V 

4t  9 

N 

294*0 

297*9 

0*0 

21*9 

970 

V 

49  9 

M 

290*0 

292*9 

4*8 

10*7 

999 

V 

49  9 

M 

292*9 

902*9 

9*0 

4*2 

999 

V 

44  9 

N 

291*9 

903*8 

4*9 

0*1 

999 

V 

47  9 

M 

290*0 

907*9 

4*0 

7*7 

978 

V 

49  9 

M 

227.7 

299*9 

7*9 

14*1 

978 

V 

90  9 

M 

227*0 

901*7 

0*0 

20*9 

999 

V 

91  9 

M 

22ft*9 

299*1 

4*0 

11*2 

999 

V 

49  9 

C 

290*0 

911*9 

9*0 

9*0 

999 

V 

47  9 

C 

291*9 

901*9 

4*0 

9*0 

999 
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SECTION  3 

TRANSVERSE  NOTCHED  TENSILE  PROPERTIES  OP 
AIR  MELT -DEGAS -VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24342-V1) 


(2-14) 


TRANSVERSE  NOTCHED  TENSILE  PROPERTIES 
OP  AIR  MELT- DEOAS- VACUUM  ARC  REMELT 
H-Il  STEEL  HEAT  NO*  W-24342-VI 


8ILLET 

TfST 

SPECIMEN 

UtT  STR 

N/S  0*6* 

SECTION 

MO* 

LOCATION 

ICS  I 

RATIO 

A 

1  4 

5 

299*3 

0*63 

A 

9  4 

S 

299*1 

0*66 

A 

12  4 

5 

242*2 

0*66 

A 

20  4 

H 

279*0 

0*96 

A 

21  4 

M 

146*0 

0*96 

A 

24  4 

H 

172*3 

0.97 

A 

2T  4 

M 

209*9 

0*70 

A 

98  4 

H 

141*3 

0*94 

A 

99  4 

M 

227*6 

0.79 

A 

40  4 

C 

179*3 

0*62 

A 

42  4 

c 

104*9 

0*69 

ft 

1  4 

s 

146*0 

0*91 

ft 

9  4 

$ 

229*0 

0*60 

ft 

12  4 

s 

260*9 

0*90 

ft 

20  4 

H 

176*8 

0*60 

ft 

21  4 

M 

199*9 

0*67 

ft 

24  4 

H 

219*9 

0*70 

ft 

27  4 

N 

199*3 

0*99 

ft 

9ft  4 

H 

222.0 

0*79 

ft 

99  4 

M 

194*6 

0*66 

ft 

40  4 

C 

296*0 

0*77 

ft 

42  4 

C 

191*0 

0*64 

C 

1  4 

s 

292*9 

0.80 

c 

9  4 

s 

22ft*6 

0.77 

c 

12  4 

s 

182*9 

0*49 

c 

20  4 

M 

174*8 

0*97 

c 

21  4 

N 

14ft*8 

0*90 

c 

24  4 

M 

269*3 

0*86 

c 

27  4 

M 

196*6 

0*47 

c 

9ft  4 

M 

290*0 

0*77 

c 

99  4 

M 

197*9 

0*49 

c 

40  4 

C 

208*7 

0*71 

c 

42  4 

C 

189*8 

0*69 

D 

1  4 

s 

241*9 

0*89 

D 

9  4 

ft 

240*0 

0*84 

0 

12  4 

s 

242*7 

0*82 

D 

20  4 

H 

207*4 

0*69 

0 

21  4 

M 

191*1 

0*49 

D 

24  4 

H 

197*9 

0*64 

ft 

27  4 

M 

149*0 

0*97 

ft 

9ft  4 

M 

219*0 

0.74 

ft 

99  4 

M 

148*9 

0*99 

0 

40  4 

C 

141*9 

0*48 

ft 

42  4 

C 

194*1 

0*47 

K 

1  4 

ft 

242*2 

0*89 

K 

9  4 

ft 

179*0 

0*42 

1 

12  4 

ft 

280*9 

0*94 

1 

20  4 

M 

290*9 

0*09 

K 

21  4 

M 

192*0 

0*92 

K 

24  4 

M 

290*0 

0*79 

1 

27  4 

M 

194*9 

0*99 

C 

9ft  4 

M 

241*0 

0*82 

c 

99  4 

M 

17ft*0 

0*41 

K 

40  4 

C 

202*6 

0*70 

£ 

42  4 

C 

141*9 

0*49 

H 

1  4 

s 

280*4 

0*94 

H 

9  4 

s 

219*9 

0*74 

H 

12  4 

s 

192*6 

0*67 

H 

20  4 

M 

249*0 

0*89 

H 

21  4 

N 

186*9 

0*44 

H 

24  4 

M 

246*9 

0*82 

H 

27  4 

M 

149*1 

0*49 

N 

9ft  4 

M 

299*4 

0*78 

H 

99  4 

H 

187*9 

0*64 

M 

40  4 

C 

197*9 

0*67 

H 

42  4 

C 

211*7 

0*79 

I 

1  4 

s 

299*9 

0*83 

I 

9  4 

s 

229*6 

0*81 
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flLLf? 

tCCTlOM 


T44T 

m • 


MlCIMtN 

LOCATION 


ULT  STN 
KSI 


N/S  U.S. 
NAT  10 


1?  4  $ 

20  4  M 

21  4  M 


27  4  M 

St  4  M 

St  4  M 

40  4  C 

42  4  C 


240*2 

222*0 

144*3 

203*3 

149*4 

244*3 

197*8 

147.7 

214*0 


0*94 

0*77 

0*32 

0*44 

0*44 

0*83 

0*49 

0*30 

0.7S 


999 

MS 

999 

993 

999 

94S 

9S4 

999 

993 


J  14  4 

J  9  4  8 

J  12  4  $ 

J  20  4  M 

J  21  4  M 

J  24  4  M 

J  27  4  M 

J  34  4  M 

J  S9  4  N 

J  40  4  C 

J  42  4  C 


234*3 

0.09 

999 

242*0 

0.09 

999 

144*3 

0.90 

999 

210*0 

0.09 

943 

194*8 

0.92 

999 

203*0 

0.64 

999 

172*4 

0.90 

999 

144*2 

0.49 

934 

210*8 

0.74 

934 

147*0 

0.90 

999 

174*8 

0.99 

999 

K 

K 

t 

K 

K 

K 

N 

K 

K 

K 

K 

L 

L 

L 

L 

L 

L 

L 

l 

L 

L 

L 

N 

M 

H 

N 

H 

N 

H 

N 

N 

M 

M 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 


1  4 

9 

240*9 

0.00 

999 

9  4 

4 

294*0 

0.07 

999 

12  4 

4 

272*0 

0.00 

999 

20  4 

H 

231*9 

0.77 

943 

21  4 

M 

199*0 

0.02 

999 

24  4 

M 

224*9 

0.74 

994 

27  4 

M 

173*4 

0.10 

999 

34  4 

M 

213*0 

0.71 

934 

39  4 

M 

142*1 

0.40 

934 

40  4 

C 

194*2 

0.40 

999 

42  4 

C 

179*4 

0.41 

999 

1  4 

4 

282*3 

1.00 

999 

9  4 

4 

230*9 

0.00 

999 

12  4 

S 

142*4 

0.00 

999 

20  4 

M 

232*7 

0.01 

MS 

21  4 

N 

199*0 

0.40 

939 

24  4 

M 

287*0 

0.94 

934 

27  4 

M 

207*3 

0.49 

999 

34  4 

M 

219*0 

0.70 

934 

39  4 

H 

277*0 

0.90 

934 

40  4 

C 

144*0 

0.00 

999 

42  4 

c 

144*0 

0.07 

999 

1  4 

4 

187*9 

0.44 

999 

9  4 

4 

239*9 

0.04 

999 

12  4 

4 

229*4 

0.00 

999 

20  4 

M 

194*0 

0.47 

943 

21  4 

M 

241*9 

0.79 

999 

24  4 

M 

232*3 

0.74 

934 

27  4 

H 

144*9 

0.04 

999 

34  4 

M 

209*9 

0.71 

934 

39  4 

H 

274*9 

0.90 

934 

40  4 

C 

192*4 

0.02 

999 

42  4 

C 

194*0 

0.40 

999 

1  4 

4 

249*9 

0.00 

999 

9  4 

4 

291*9 

0.00 

999 

12  4 

4 

244*9 

0.90 

999 

20  4 

N 

210*0 

0.70 

MS 

21  4 

M 

183*9 

0.44 

999 

24  4 

M 

210*9 

0.40 

994 

27  4 

H 

213*4 

0.74 

999 

34  4 

N 

214*9 

0.70 

934 

39  4 

M 

113*2 

0.09 

994 

40  4 

C 

181*3 

0.40 

999 

42  4 

C 

181*2 

0.40 

999 

1  4 

4 

293*9 

0.79 

939 

9  4 

4 

241*7 

0.90 

999 

12  4 

4 

242*2 

0.01 

999 

20  4 

M 

223*4 

0.77 

949 

21  4 

H 

191*0 

0.40 

999 

24  4 

N 

241*9 

0.00 

934 

27  4 

M 

219*0 

0.70 

999 

34  4 

H 

224*2 

0.70 

934 
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c 


MUST 


see 


IOM 


TfST 


NO. 


SMCINCN 

LOCATION 


ULT  STR 
KSI 


St 

41  4 


M 

C 

C 


259*5 

174*5 

172*4 


t  4 
5  4 
12  4 
20  4 
tl  4 
24  4 
27  4 
24  4 
If  4 
40  4 
42  4 


S 

$ 

ft 

M 

M 

N 

H 

H 

M 

C 

c 


241*4 

297*5 

24I*f 

293*5 

149*0 

270*9 

147*5 

144*0 

227*0 

144*4 

294*0 


T 

7 

T 

T 

T 

t 


1  4 
5  4 
12  4 

20  4 

21  4 
24  4 
27  4 
34  4 
30  4 
40  4 
42  4 


ft 

ft 

ft 

M 

M 

M 

H 

H 

M 

C 

C 


299*0 

249*0 

297.5 

202*5 

120*2 

245*0 

177.0 

244*0 

202*2 

149*9 

204*5 


V 

V 

V 

V 

V 

V 

V 

V 

V 

V 

V 


1  4 
5  4 
12  4 

20  4 

21  4 
24  4 
27  4 
94  4 
99  4 
40  4 
42  4 


ft 

ft 

ft 

M 

N 

M 

N 

H 

M 

C 

c 


219*2 

254*0 

194*1 

209*9 

140*0 

291*5 

172.7 

299*5 

215*5 

174*9 

192*4 


M/ft  U.ft* 

4AT10  BHN 


0*44 

0*41 

0*59 


994 

995 
595 


0*90 

0*91 

0*42 

0*79 

0*44 

0*44 

0*54 

0*50 

0*77 

0*57 

0*41 


955 

559 

559 

949 

999 

994 

595 

554 


954 

555 

555 


0*42 

0*44 

0*91 

0*47 

0*41 

0.44 

0*99 

0*44 

0*70 

0*44 

0*74 


555 

555 

555 

569 

595 

594 

955 

549 

934 

555 

555 


0*77 

0*47 

0*44 

0*71 

0.47 


0.79 

0*60 

0*41 


0.75 

0*60 

0*65 


595 

555 

955 

969 

955 

934 

555 

594 

594 

559 

959 
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SECTION  4 

LONGITUDINAL  NOTCHED  TENSILE  PROPERTIES  OF 
AIR  MELT-DEGAS-VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24342-V1) 


(2-18) 


LONSITUOIMAL  NOTCHCO  TENSILE  PROPERTIES 
OP  AIR  MELT- OESAS- VACUUM  ARC  REMELT 
H-ll  STEEL  HEAT  NO*  N-28992-Vl 


IIUXT 

ftftT 

99CCXNC* 

ULf  ftTA 

N/S  U.S. 

union 

NO# 

COCATION 

fcftt 

RATIO 

mm 

A 

It  1 

ft 

241*2 

0.89 

ft74 

A 

IT  ft 

ft 

900#  ft 

0.97 

ftftft 

A 

40  ft 

N 

270*1 

0.90 

ftftft 

A 

44  ft 

M 

272*9 

0.89 

ft74 

A 

4ft  ft 

M 

279*4 

0.89 

474 

A 

44  ft 

C 

212*9 

0.71 

ftftft 

A 

44  ft 

C 

270*1 

0.90 

ftftft 

ft 

1ft  ft 

ft 

279*9 

0.9S 

474 

ft 

IT  ft 

ft 

244*9 

0.87 

ftftft 

ft 

40  ft 

N 

290*9 

0,82 

ftftft 

ft 

44  ft 

H 

244*0 

0,91 

474 

ft 

4ft  ft 

M 

240*9 

0.78 

474 

ft 

44  ft 

C 

227*7 

0,79 

ftftft 

ft 

44  9 

C 

209*0 

0,70 

ftftft 

C 

19  ft 

ft 

294*0 

0,81 

474 

c 

IT  ft 

ft 

271*0 

0.88 

ftftft 

c 

40  ft 

M 

242*2 

0,88 

ftftft 

c 

44  ft 

M 

219*9 

0.71 

474 

c 

4ft  ft 

H 

249*9 

0,92 

474 

c 

44  ft 

C 

202*4 

0,88 

ftftft 

c 

44  ft 

C 

177*9 

0.98 

ftftft 

0 

19  ft 

ft 

244*9 

0.98 

474 

D 

IT  9 

ft 

274*0 

0.91 

ftftft 

0 

40  ft 

H 

249*9 

0.88 

ftftft 

0 

44  ft 

M 

294*0 

0.89 

474 

0 

4ft  ft 

H 

474 

0 

44  ft 

C 

299*0 

0.78 

ftftft 

D 

44  ft 

C 

204*0 

0.88 

ftftft 

c 

19  ft 

ft 

2ftft*ft 

0.89 

474 

c 

IT  ft 

ft 

249*4 

0.79 

ftftft 

1 

40  ft 

N 

249*0 

0.87 

ftftft 

€ 

44  ft 

M 

240*9 

0.87 

474 

C 

4ft  ft 

M 

271*0 

0.92 

174 

ft 

44  ft 

C 

229*0 

0.78 

ftftft 

c 

44  ft 

C 

297*9 

0.78 

ftftft 

H 

19  ft 

ft 

244*0 

0.99 

ft74 

H 

IT  ft 

ft 

209*4 

0.88 

ftftft 

N 

40  ft 

H 

279*9 

0.92 

ftftft 

H 

44  ft 

M 

272*9 

0.90 

474 

H 

4ft  ft 

M 

247*1 

0.81 

470 

H 

44  9 

C 

229*0 

0.79 

ftftft 

H 

44  ft 

c 

222*0 

0.79 

ftftft 

I 

19  ft 

ft 

277.0 

0.98 

»74 

K 

IT  9 

ft 

241*0 

0,98 

ftftft 

I 

40  ft 

H 

294*9 

0.78 

ftftft 

f 

44  ft 

M 

149*1 

0.81 

474 

X 

4ft  ft 

M 

274*4 

0,91 

474 

t 

44  ft 

C 

297*4 

0.80 

ftftft 

1 

44  ft 

c 

214*7 

0.72 

ftftft 

J 

19  ft 

ft 

244*9 

1.01 

474 

J 

IT  ft 

ft 

291*9 

0.88 

ftftft 

J 

40  ft 

M 

241*2 

0.79 

ftftft 

J 

44  ft 

M 

204*9 

0.88 

474 

J 

4ft  ft 

H 

299*4 

0.89 

474 

J 

44  9 

C 

217*0 

0.79 

ftftft 

J 

44  ft 

C 

199*4 

0.89 

ftftft 

ft 

19  ft 

ft 

244*0 

0,87 

474 

ft 

IT  ft 

ft 

279*0 

0.91 

ftftft 

ft 

40  ft 

M 

299*1 

0.79 

ftftft 

ft 

44  ft 

M 

149*9 

0.81 

ftftft 

ft 

4ft  ft 

M 

227*4 

0.78 

474 

ft 

44  ft 

C 

192*4 

0.89 

ftftft 

ft 

44  ft 

C 

291*9 

ftftft 

l 

19  ft 

ft 

240*9 

0*89 

574 

L 

IT  » 

ft 

244*9 

0.88 

ftftft 
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KKK. 

L 

L 

L 

t 

L 

N 

M 

N 

H 

N 

N 

M 

M 

N 

N 

N 

N 

N 

N 

ft 

ft 

ft 

ft 

ft 

P 

P 

ft 

ft 

ft 

ft 

ft 

I 

ft 

T 

T 

T 

T 

T 

T 

V 

V 

V 

V 

V 

V 

V 


TftftT 

NO. 

ftPCCINCN 

LOCATION 

ult  str 

KS! 

N/S  U.S. 
RATIO 

iuu 

arm 

♦0  ft 

M 

212*9 

0.7i 

999 

44  i 

M 

299*9 

0.79 

999 

4ft  i 

M 

291*1 

0.02 

ITft 

44  9 

C 

219.9 

0.73 

941 

44  9 

C 

lftT.9 

0.63 

999 

11  9 

ft 

242*0 

0.03 

9Tft 

XT  9 

ft 

241.9 

0.06 

999 

40  9 

M 

2T1.T 

0.90 

999 

44  9 

M 

194.1 

0.66 

999 

4ft  9 

N 

241*0 

0.79 

ITft 

44  9 

C 

201.4 

0.60 

941 

44  9 

c 

ITT. 4 

999 

1)  9 

ft 

24ft.9 

0.06 

ITft 

XT  9 

ft 

244*0 

0.09 

999 

40  9 

N 

244.0 

0.07 

999 

44  9 

■H 

244*9 

0.00 

999 

4ft  9 

M 

210.9 

0.79 

ITft 

44  9 

C 

194.9 

0.69 

941 

44  9 

C 

214.1 

0.70 

999 

19  9 

ft 

24l*ft 

0.92 

ITft 

IT  9 

ft 

291.9 

0.02 

999 

40  9 

M 

2T1.2 

0.90 

999 

44  9 

M 

291.0 

0,03 

999 

4ft  9 

N 

299. T 

0.06 

ITft 

44  9 

C 

941 

44  9 

C 

211.1 

0.71 

999 

tft  9 

ft 

241.9 

0.96 

ITft 

IT  9 

ft 

244.9 

0.00 

999 

40  9 

M 

2S4*ft 

0.70 

999 

44  9 

M 

2T4.9 

0.90 

999 

4ft  9 

N 

221.4 

0.79 

ITft 

44  9 

C 

221.0 

0.76 

941 

44  9 

c 

191.1 

0.69 

999 

XI  9 

ft 

290.0 

0.99 

ITft 

IT  9 

ft 

229.0 

0,77 

999 

40  9 

M 

249.9 

0.09 

999 

44  9 

N 

294.4 

0.00 

999 

4ft  9 

H 

2T0.T 

0.00 

ITft 

44  9 

C 

190.9 

0.66 

941 

44  9 

c 

224.0 

0.79 

999 

II  9 

ft 

2T4.9 

0.96 

ITft 

XT  9 

ft 

241.9 

0.79 

999 

40  9 

M 

291.9 

0,99 

999 

44  9 

H 

194.9 

0.69 

999 

4ft  9 

H 

2T1.T 

0.90 

ITft 

44  9 

C 

1T9.9 

0.90 

941 

44  9 

C 

219*2 

0.77 

999 

(2-20) 


APPENDIX  III 

TENSILE  PROPERTIES  OP  AIR  MELT-DOUBLE  VACUUM 
ARC  REMELT  H-ll  STEEL  (HEAT  NO.  W-24341-2) 


SECTION  1 


TRANSVERSE  TENSILE  PROPERTIES  OP 
AIR  MELT-DOUBLE  VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24341-2) 


uuuuuuuuuuuuuuuuu 


•IU.IT 

section 


TRANSVERSE  TENSILE  PROPERTIES 
or  AIR  NELT  DOUBLE  VACUUM  ARC  REMELT 


H  11  STEEL  HEAT  NO. 


TEST 

SPECIMEN 

YL0*6T6*Kftl 

MO 

LOCATION 

.2«  ope 

02  4 

S 

223*0 

02  4 

ft 

244*4 

04  4 

ft 

224*f 

04  4 

ft 

227*4 

07  4 

ft 

227*4 

04  4 

ft 

230*0 

Of  4 

ft 

240*0 

10  4 

ft 

244*1 

11  4 

ft 

241*1 

22  4 

M 

224*4 

21  4 

N 

244*4 

24  4 

H 

225*4 

24  4 

M 

230*0 

24  4 

M 

221*5 

24  4 

M 

224*0 

10  4 

N 

240*6 

11  4 

M 

240*0 

42  4 

H 

217*0 

14  4 

N 

22f  *3 

44  4 

H 

221*0 

44  4 

N 

245*0 

44  4 

M 

47  4 

M 

24f  *0 

41  4 

C 

227*0 

44  4 

C 

244*0 

02  4 

ft 

215*4 

04  4 

ft 

241*2 

04  4 

ft 

244*4 

04  4 

ft 

242*5 

07  4 

ft 

22f  *6 

00  4 

ft 

243*7 

Of  4 

ft 

221*5 

10  4 

ft 

224*5 

11  4 

ft 

230*5 

22  4 

M 

235*5 

24  4 

H 

251*5 

24  4 

M 

225*3 

24  4 

M 

251*4 

24  4 

M 

222*2 

It  4 

H 

235*6 

10  4 

M 

224*3 

41  4 

M 

224*5 

42  4 

N 

231*4 

44  4 

M 

224*0 

44  4 

H 

227*5 

35  4 

H 

225*5 

46  4 

H 

232.5 

37  4 

M 

224*5 

41  4 

C 

224*5 

43  4 

C 

225*6 

02  4 

$ 

220*1 

04  4 

ft 

241*2 

04  4 

ft 

225*0 

04  4 

6 

227*5 

07  4 

ft 

220*3 

Of  4 

ft 

237*2 

Of  4 

ft 

22f  *6 

10  4 

ft 

251*0 

11  4 

ft 

234.7 

22  4 

M 

22f  *3 

24  4 

M 

234*3 

24  4 

H 

220*6 

24  4 

H 

221*6 

21  4 

N 

216*6 

2f  4 

N 

231*6 

40  4 

N 

225*2 

31  4 

H 

226*3 

42  4 

H 

2l6*f 

44  4 

N 

224*5 

44  4 

N 

214*4 

44  4 

M 

229*5 

44  4 

M 

221*0 

V  2*341-2 


ULT.STR 

ft 

ft 

Kftl 

CL0N6 

6*A* 

ftHN 

299.0 

4*0 

11*1 

555 

300*5 

3*0 

5.9 

559 

300*6 

6*0 

12*6 

595 

295*0 

1*5 

3*9 

995 

297*6 

6*0 

13*4 

955 

290*9 

3*5 

5*1 

944 

296*3 

4*5 

6*5 

544 

299*9 

3*3 

5*9 

5J5 

295*1 

1*0 

1*6 

554 

300*0 

2*5 

4.7 

555 

293*6 

•  5 

•  6 

555 

295*6 

3*3 

5*4 

554 

296*5 

2*5 

5*4 

554 

292*5 

5*0 

5*0 

553 

279.0 

2*0 

3.9 

595 

299.S 

2*5 

4*2 

593 

301*3 

5*0 

5*6 

534 

247*0 

*5 

2*0 

535 

292.9 

2*0 

4*5 

555 

247*5 

2*3 

9*6 

553 

297*5 

1*9 

3*1 

995 

222*3 

*5 

1*1 

995 

264*5 

1*5 

2*3 

995 

263*0 

1*5 

4*1 

995 

275*6 

1*0 

959 

292*5 

5*0 

4*7 

993 

262*0 

2*0 

2*4 

593 

296*6 

4*0 

5*4 

399 

305*0 

4*9 

7*7 

995 

294*3 

1*6 

4.7 

935 

294*1 

2*3 

4*2 

534 

269*5 

4*5 

8*5 

394 

294*2 

9*5 

10*1 

959 

293*2 

6*5 

5*9 

354 

302*3 

5*5 

7*0 

939 

293*0 

2*0 

3*9 

999 

292*5 

5*5 

5*6 

944 

502*5 

2*0 

4.7 

999 

268*7 

1*5 

3*5 

959 

296*4 

2.0 

2*4 

539 

277.6 

•  f 

1*4 

553 

295*0 

2*6 

4.7 

354 

296*9 

4*0 

3*4 

939 

290*0 

2*0 

4*7 

535 

296*3 

2*3 

4*5 

933 

293*6 

3*0 

4*2 

955 

292*6 

•  5 

1*9 

955 

289*4 

2*0 

3*6 

559 

291*3 

2*0 

5.9 

555 

290*0 

1*5 

2*7 

999 

298*5 

3*0 

4*3 

599 

302*0 

3*5 

7*0 

999 

260*0 

1*0 

2*0 

355 

253*3 

•  5 

2*7 

599 

275.3 

1*3 

2*7 

555 

254*1 

1*0 

1*6 

534 

295*3 

3*5 

6*2 

954 

310*0 

3*5 

5*6 

535 

308*4 

6*5 

6*2 

954 

298*6 

4*0 

5*6 

555 

296*2 

1*0 

2.7 

959 

287*5 

1*6 

3*1 

954 

267*5 

1*0 

3*1 

555 

277.3 

2*3 

3*6 

555 

266*5 

2*0 

4*0 

555 

262*3 

1*5 

4*3 

555 

262*3 

•  5 

1*9 

534 

266*0 

1*5 

2*0 

555 

263*6 

2*5 

3*1 

555 

277.3 

2*0 

3*6 

959 

296*3 

2*5 

4#  3 

553 

289*3 

4*0 

5.0 

555 
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ISUCT 

MOTION 

C 

C 

C 

0 

D 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

D 

0 

0 

0 

D 

0 

0 

0 

D 

D 

0 

D 

I 

e 

t 

c 
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c 

c 

f 

c 
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c 

I 

I 

c 
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c 

I 

c 

I 

I 

f 

c 

e 

c 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

* 

H 


TEST 

SPECIMEN 

YLD.STR.KSI 

NO 

LOCATION 

•29  Off 

IT  4 

M 

240.5 

41  4 

C 

228.5 

61  4 

C 

225.0 

02  4 

s 

217.6 

01  4 

s 

04  4 

s 

216.0 

06  4 

6 

225.0 

OT  4 

6 

227.0 

06  4 

S 

221.1 

Of  4 

S 

227.0 

10  4 

s 

226.5 

11  4 

s 

225.0 

22  4 

M 

22ft. 0 

21  4 

M 

214.0 

24  4 

N 

221.5 

2ft  4 

M 

226.1 

2ft  4 

M 

22ft.5 

2t  4 

M 

241.9 

10  4 

M 

210.1 

11  4 

N 

220.3 

12  4 

M 

220.5 

11  4 

M 

227.1 

14  4 

M 

224.9 

1»  4 

N 

221.0 

16  4 

N 

221.5 

17  4 

M 

212.1 

61  4 

C 

210.5 

61  4 

C 

210.5 

02  4 

s 

217.0 

01  4 

s 

211.5 

04  4 

ft 

225.1 

06  4 

6 

227.1 

07  4 

s 

227.5 

Oft  4 

s 

226.0 

Of  4 

s 

225.0 

10  4 

ft 

229.5 

11  4 

ft 

227.1 

22  4 

M 

215.0 

2ft  4 

M 

219.0 

24  4 

M 

220.0 

2ft  4 

N 

211.2 

2ft  4 

N 

229.1 

2t  4 

N 

216.5 

10  4 

M 

228.5 

11  4 

M 

211.5 

12  4 

M 

210.0 

1ft  4 

M 

215.1 

14  4 

N 

224.5 

1ft  4 

M 

217.0 

16  4 

N 

211.5 

17  4 

M 

210.6 

41  4 

C 

210.7 

61  4 

c 

02  4 

s 

220.5 

01  4 

s 

215.5 

04  4 

s 

221.1 

06  4 

s 

227.5 

07  4 

& 

224.5 

Oft  4 

s 

229.5 

09  4 

s 

221.0 

10  4 

s 

210.5 

11  4 

ft 

211.9 

22  4 

M 

211.1 

21  4 

M 

215.0 

24  4 

H 

211.8 

2ft  4 

N 

215.1 

20  4 

M 

234.5 

29  4 

H 

214.5 

10  4 

H 

211.5 

11  4 

N 

214.2 

12  4 

M 

220.7 

1ft  4 

M 

210.0 

14  4 

H 

212.5 

19  4 

M 

216.5 

16  4 

M 

210.0 

ULT.ftTR 

ft 

ft 

ESI 

ECONO 

N.A. 

Wwf 

291.2 

1.5 

1.2 

555 

249.0 

•  1 

•0 

555 

292.5 

2.0 

4.1 

555 

261.2 

2.5 

4.7 

555 

108.5 

.4 

555 

270.0 

1.0 

3.5 

555 

296.1 

1.0 

1.1 

555 

291.5 

4.5 

9.1 

555 

287.2 

2.0 

1.1 

514 

229.2 

•  5 

2.0 

514 

272.0 

1.5 

2.7 

555 

201.2 

2.0 

4.1 

514 

276.1 

1.5 

4.7 

555 

101.0 

2.5 

1.9 

555 

265.5 

2.9 

1.9 

514 

290.0 

2.0 

3.9 

555 

270.0 

1.0 

1.9 

555 

300.4 

2.0 

2.4 

555 

101.1 

2.5 

1.9 

555 

207.5 

2.0 

5.4 

514 

205.4 

2.5 

5.5 

555 

291.0 

4.5 

4.4 

555 

291.2 

2.0 

1.9 

555 

200.1 

4.5 

6.7 

555 

209.0 

1.5 

1.5 

555 

294.9 

1.5 

4.0 

555 

101.0 

2.5 

5.0 

555 

297.1 

1.5 

1.6 

555 

209.6 

2.5 

4.0 

555 

297.1 

1.5 

7.7 

555 

297.0 

4.0 

5.1 

555 

295.0 

1.0 

5.9 

555 

291.1 

2.0 

1.1 

555 

291.1 

2.0 

4.4 

534 

295.5 

1.2 

6.2 

514 

295.0 

2.0 

1.1 

555 

299.1 

5.5 

9.1 

514 

296.1 

1.5 

1.5 

555 

291.5 

1.0 

1.1 

555 

207.5 

1.0 

1.9 

514 

299.0 

2.5 

1.4 

514 

297.5 

2.5 

4.7 

555 

280.0 

1.5 

1.9 

555 

295.6 

2.0 

4.1 

555 

297.1 

1.0 

5.0 

514 

201.0 

2.0 

2.7 

555 

290.9 

1.0 

2.0 

555 

296.1 

3.0 

2.8 

555 

201.8 

1.0 

1.9 

555 

106.1 

1.0 

1.9 

555 

290.0 

1.0 

.8 

555 

274.2 

•  0 

2.0 

555 

555 

292.5 

2.5 

1.9 

555 

294.0 

2.0 

5.1 

555 

200.0 

1.5 

4.7 

555 

290.0 

2.0 

1.5 

555 

209.5 

2.0 

4.1 

555 

203.4 

2.0 

4.7 

534 

204.0 

1.0 

4.4 

534 

292.3 

1.5 

1.5 

555 

204.9 

1.0 

1.2 

514 

296.1 

2.0 

3.9 

555 

290.1 

2.5 

0.9 

555 

100.0 

2.3 

3.9 

514 

290.0 

1.5 

1.1 

514 

290.0 

2.1 

1.9 

555 

299.0 

1.5 

4.3 

555 

105.0 

3.0 

1.9 

555 

269.1 

•  5 

1.6 

514 

294.9 

2.0 

5.1 

555 

295.0 

1.5 

2.0 

555 

295.0 

2.0 

1.9 

555 

205.0 

1.0 

2.7 

555 

292.5 

2.0 

3.5 

555 

mmmsmm 


t 


c 


c 


BILLET  test  specimen  yld.str.ksi 

SECTION  NO  LOCATION  ,2*  OFF 


H  97  A  M 

H  SI  4  C 

M  49  *  C 


2S4.8 
227. S 
228.0 


02  *  S 

09  4  S 

04  4  S 

04  4  S 

07  4  S 

08  4  S 

09  4  S 

10  4  S 

11  4  S 

22  4  M 

29  4  M 

24  4  M 

28  4  M 

28  4  M 

28  4  M 

90  4  M 

91  4  M 

92  4  M 

99  4  M 

94  4  M 

95  4  M 

9*  4  M 

97  4  M 

41  4  C 

49  4  C 


215.9 

228.5 

221.8 

229.9 

232.9 

232.1 
227.0 
228.8 

290.5 

233.9 

231.5 

228.3 

230.5 
227.0 

244.1 
231.0 

229.2 

230.9 

294.4 
227.0 
245.0 
236.0 
228.0 

230.5 

209.5 


J  02  4  S 

J  09  4  S 

J  04  4  S 

J  04  4  S 

J  07  4  S 

J  08  4  S 

J  09  4  S 

J  10  4  S 

J  11  4  S 

J  22  4  M 

J  29  4  N 

J  24  4  M 

J  28  4  M 

J  28  4  M 

J  29  4  M 

J  90  4  M 

J  91  4  M 

J  92  4  M 

J  99  4  M 

J  94  4  M 

J  95  4  M 

J  94  4  M 

J  97  4  M 

J  41  4  C 

J  49  4  C 


222.5 

227.5 

227.9 

233.9 

232.9 
227.0 

230.5 
232.0 
234.0 
299.0 
239.1 
224*9 

228.9 

226.7 
290.0 

229.8 

229.9 

221.6 
226.0 
229.0 

219.9 
294.0 
224.5 
223*1 
228.0 


K  02  4  S 

k  03  4  S 

k  04  4  S 

k  04  4  S 

k  07  4  S 

k  08  4  S 

k  09  4  S 

k  10  4  S 

k  11  4  S 

k  22  4  M 

k  29  4  M 

k  24  4  M 

k  25  4  M 

k  28  4  M 

k  29  4  M 

k  90  4  M 

k  91  4  M 

k  92  4  M 

k  99  4  M 

k  94  4  M 

k  99  4  M 

k  94  4  M 


222.5 
224.0 
230.0 
228.8 

235.9 

232.1 

228.3 

228.5 
227.0 

233.9 
230.0 

223.9 
225.0 

233.5 
237.8 
224.0 

230.3 

224.2 
232.1 
221.0 
227.0 
221.0 


UUT.STR 

« 

« 

ft MM 
onn 

KS1 

ELONG 

R.A. 

276*6 

1.0 

4 

355 

268.0 

2.0 

1.1 

555 

262.5 

1.5 

1.1 

555 

290.0 

2.0 

5.0 

355 

287.1 

2.5 

3.2 

555 

275.0 

1.0 

3.1 

555 

295.6 

1.5 

3.6 

555 

296.3 

1.5 

3.5 

555 

297.5 

3.0 

4.0 

534 

266.0 

•  5 

2.3 

534 

300.0 

3.0 

6.6 

555 

295.1 

2.0 

3.2 

534 

305.0 

2.0 

4.3 

555 

279.3 

1.5 

1.1 

555 

293.1 

1.8 

4.7 

534 

292.5 

1.5 

3.9 

555 

262.5 

.6 

2.3 

555 

297.2 

1.5 

3.6 

555 

297.5 

1.8 

4.3 

553 

291.3 

2.0 

3.6 

534 

267.1 

1.5 

2.6 

555 

265.9 

1.5 

1.2 

555 

308.8 

5.0 

7.3 

555 

301.3 

2.0 

2.3 

553 

310.0 

2.0 

3.1 

555 

266.0 

1.5 

2.4 

555 

300.0 

2.5 

4.7 

555 

262.5 

2.5 

5.0 

533 

276.9 

1.5 

3.2 

535 

267.0 

1.0 

2.3 

555 

277.6 

1.0 

2.7 

535 

297.5 

1.5 

3.1 

355 

265.5 

1.0 

3.9 

335 

292.4 

2.0 

5.1 

334 

280.0 

1.0 

3.1 

534 

296.0 

2.5 

4.3 

555 

296.0 

3.0 

5.5 

534 

297.5 

1.5 

4.3 

555 

307.1 

2.0 

2.4 

355 

295.0 
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LONGITUDINAL  TENSILE  PROPERTIES  OP 
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200*4 

6*0 

14*6 

222 

207*2 

2*2 

4*7 

278 

207*2 

4*2 

744 

222 

200*0 

2*0 

4.7 

334 

206*2 

2*2 

8*9 

222 

206*2 

6*2 

12*4 

322 

206*0 

4*0 

9*6 

322 

204*0 

4*2 

2*2 

222 

202*1 

4*0 

10*1 

222 

204*1 

2*0 

6*2 

234 

202*2 

4*2 

10*7 

322 

202*0 

4*2 

2*4 

332 

201*0 

2*2 

10*4 

332 

207*2 

4*0 

8*1 

334 

202*0 

2*0 

3*9 

332 

202*0 

2*1 

12*7 

332 

202*1 

4*2 

9.7 

378 

200*2 

2*2 

2*0 

311 

204*0 

2*0 

4*4 

334 

200*0 

2*5 

2*0 

332 

202*2 

1*0 

1*1 

333 

202*0 

2*2 

11*6 

332 

202*2 

2*2 

3*2 

332 

207*0 

4*2 

9*3 

III 

207*2 

2*0 

3*9 

234 

200*1 

2*2 

10*4 

333 

206*2 

4*0 

7*0 

333 

200*0 

4*0 

6*6 

333 

202*0 

2*2 

11*1 

334 

200*0 

2*0 

9*6 

335 

200*1 

2*8 

4.7 

355 

290*0 

6*2 

13*4 

378 

208*0 

4*2 

10*0 

353 

202*2 

4*8 

10*0 

324 

292*0 

2*0 

4.7 

535 

207*1 

1*8 

2*0 

555 

207*2 

3*0 

6*2 

355 

291*1 

2*0 

5*9 

555 

290*2 

4*0 

6*6 

553 

292*0 

4*2 

9*2 

594 

202*2 

3*8 

2*8 

394 

206*2 

4*0 

6*8 

535 

201*0 

2*2 

10*8 

555 

202*7 

2*8 

4*0 

594 

204*0 

2*0 

2*2 

535 

292*0 

2*8 

2*0 

333 

200*0 

3*2 

2*4 

378 

296*0 

4*0 

7*3 

533 

292*0 

4*0 

8*2 

594 

297*4 

6*2 

13*0 

353 

202*2 

7*2 

18*2 

353 

202*1 

6*8 

10*4 

355 

201*0 

6*2 

13*1 

555 

307*2 

3*0 

2*0 

355 

301*2 

2*0 

6*2 

394 

310*9 

2*2 

2*1 

594 

300*0 

4*0 

7.3 

355 

310*9 

2*2 

7.0 

355 

307*2 

2*2 

2*9 

394 

(3-10) 


•1UCT 

SECTION 

c 

c 

c 

e 

c 

H 

H 

H 

H 

H 

H 

H 

H 

H 

N 

H 

H 

H 

H 

H 


J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

K 

K 

K 

K 

K 

1C 

1C 

1C 

1C 

1C 

K 

1C 

1C 

1C 

1C 

L 

L 

L 

L 

L 

L 

L 

L 


TEST 

SPECIMEN 

VlD.STft.KSI 

U'lT.STft 

« 

ft 

NO 

LOCATION 

.34  OPF 

less 

ELONG 

4. A. 

8HN 

49  9 

H 

334.9 

313.4 

3.9 

3.0 

999 

90  9 

N 

333.0 

296.3 

4.2 

7.7 

399 

91  9 

M 

397.9 

307.1 

3.9 

4.7 

976 

49  9 

C 

391.9 

294.3 

2.9 

3.4 

399 

47  9 

C 

399.9 

303.0 

4.0 

7.0 

934 

14  9 

s 

391.0 

297.9 

9.0 

6.3 

999 

19  9 

s 

314.9 

298.8 

7.0 

11.6 

939 

14  9 

4 

331.3 

299.0 

4.0 

6.3 

539 

14  9 

S 

390.9 

296.9 

7.9 

13.0 

399 

41  9 

H 

397.1 

306.9 

2.9 

4.7 

599 

43  9 

N 

390.4 

310.0 

3.9 

6.2 

534 

41  9 

N 

393.1 

309.7 

3.9 

4.7 

599 

49  9 

M 

390.4 

299.3 

1.0 

4.0 

359 

44  9 

N 

294.4 

309.2 

4.9 

6.5 

335 

47  9 

M 

294.) 

302.9 

2.0 

3.9 

394 

49  9 

H 

224.) 

306.3 

2.9 

3.0 

599 

90  9 

H 

291.0 

306.2 

9.0 

6.9 

353 

91  9 

M 

291.4 

309.0 

2.9 

4.3 

378 

49  9 

C 

239.9 

296.3 

2.0 

4.7 

955 

47  9 

C 

232.0 

293.8 

1.6 

4.7 

534 

14  9 

s 

229.3 

298.6 

3.9 

7.7 

555 

19  9 

s 

220.3 

297.1 

3.3 

9.3 

555 

14  9 

s 

229.9 

298.2 

4.9 

7.0 

555 

14  9 

s 

224.0 

301.3 

9.9 

9.3 

395 

41  9 

M 

234.4 

246.0 

1.3 

2.4 

335 

43  9 

H 

290.8 

311.3 

4.9 

9.2 

534 

49  9 

M 

234.8 

297.3 

1.9 

3.9 

534 

49  9 

H 

230.9 

303.6 

2.2 

3.1 

555 

44  9 

M 

239.9 

308.1 

3.9 

4.3 

555 

47  9 

N 

230.1 

303.7 

2*0 

4.4 

534 

49  9 

H 

227.9 

303.6 

2.0 

3.1 

555 

90  9 

M 

230.3 

301.3 

7.9 

17.7 

555 

91  9 

H 

230.4 

303.4 

2.2 

4.4 

574 

49  9 

C 

234.0 

292.3 

1.9 

3.9 

353 

47  9 

C 

224.8 

297.3 

2.3 

2.7 

534 

14  9 

s 

290.0 

309.0 

4.9 

7.3 

555 

19  9 

s 

223.2 

300.8 

9.9 

9.7 

555 

14  9 

s 

214.9 

299.3 

3.0 

9.9 

559 

14  9 

$ 

224.4 

301.6 

3*0 

9.1 

555 

41  9 

M 

214.9 

249.0 

2.9 

7.0 

555 

43  9 

M 

230.8 

298.6 

9.9 

11.5 

534 

49  9 

H 

224.3 

291.3 

3.0 

4.7 

534 

49  9 

M 

239.7 

.9 

8 

559 

44  9 

M 

231.9 

306.3 

4.0 

4.7 

535 

47  9 

M 

229.3 

262.3 

•  3 

1.9 

534 

49  9 

M 

214.0 

293.2 

4.0 

10.6 

555 

90  9 

H 

221.9 

292.3 

2.8 

9.6 

555 

91  9 

M 

214.2 

266.2 

2.3 

9.9 

978 

49  9 

C 

212.9 

279.0 

4.0 

8.9 

533 

47  9 

c 

219.3 

270.0 

2.3 

5.0 

534 

14  9 

s 

224.0 

291.3 

2.0 

4.7 

578 

19  9 

$ 

229.3 

267.9 

1.3 

2.7 

576 

14  9 

s 

233.2 

293.8 

1.6 

3.4 

535 

14  9 

s 

229.9 

296.8 

3.9 

6.7 

559 

41  9 

M 

224.9 

299.3 

4.3 

6.6 

535 

43  9 

H 

224.9 

263.0 

1.5 

3.2 

555 

49  9 

H 

232.2 

294.2 

3.5 

4.4 

553 

49  9 

N 

234.3 

310.0 

3.0 

4.7 

533 

44  9 

M 

227.4 

293.9 

3.9 

4.7 

555 

47  9 

N 

290.6 

296.6 

4.0 

6.6 

599 

49  9 

M 

222.0 

282.1 

1.9 

3.2 

599 

90  9 

M 

219.0 

273.6 

1.0 

2.7 

535 

91  9 

M 

224.3 

283.8 

1.0 

3.9 

559 

49  9 

C 

239.8 

302.3 

6.0 

11.9 

576 

47  9 

c 

224.4 

299.9 

5.5 

4.9 

939 

14  9 

s 

224.1 

263.0 

1.9 

4.4 

376 

19  9 

s 

222.3 

296.3 

4.  3 

8.1 

576 

14  9 

s 

221.4 

296.3 

3.2 

7.0 

599 

14  9 

s 

229.9 

298.6 

3.0 

9.4 

535 

41  9 

M 

290.0 

304.9 

4.0 

6.3 

555 

43  9 

M 

222.9 

296.3 

7.0 

14.4 

955 

49  9 

H 

294.1 

306.3 

9.3 

6.9 

999 

49  9 

M 

232.9 

307.9 

3.2 

4.) 

555 

(>H) 


•OUT 

6CCTI0N 


SPECIMEN 

LOCATION 


yld.str.ksi 
.21  Off 


ULT.STR 

KS\ 


2)U« 

222.3 
225*3 
233*2 
230*7 

237.3 
233*2 
220*5 
234*0 
224*3 
222*5 
227*3 
223*0 
235*0 
223*3 

230*0 

222*3 

225*3 

227*5 

231*0 

224*4 

230*5 

231*4 

227*1 

227*0 

229*0 

225*3 

231*0 

231*3 

225*5 

227.0 

223*5 

223*7 

233*7 

235*0 

230*0 

234*3 

231*7 

235*0 

233*0 

225*0 

220*2 

225*0 

220*0 

227*5 


294*3 

290*0 

299*3 

200*6 

307*1 

300*0 

305*0 

301*0 

303*5 

302*0 

303*0 

297*1 

307.5 

301*0 

296*6 

305*0 

301*3 

303*0 

300*4 

299*4 

307.5 
290*1 

294.5 
309*4 


297*5 

3*5 

3*4 

555 

300*0 

4*0 

7.0 

535 

301.0 

3*5 

6*7 

355 

293*0 

1*5 

1*9 

555 

301*3 

2*3 

3*9 

370 

296*3 

3*5 

6*2 

534 

302*5 

5*0 

7.0 

370 

301*3 

3*5 

10*4 

570 

302*2 

6*0 

15*3 

555 

301*3 

5*5 

6*6 

333 

303*2 

2*0 

4*0 

355 

310.0 

5*0 

7*7 

353 

306*3 

2*5 

4*3 

555 

300*9 

5*5 

2*4 

555 

312*1 

5*5 

10*0 

555 

302*5 

5*0 

10*7 

555 

306*3 

6*5 

13*0 

535 

303*0 

3*5 

3*5 

353 

304*5 

6*5 

10*2 

335 

303*3 

6*0 

9*3 

570 

294*0 

5*0 

11*9 

334 

300.0 

6*0 

0.9 

370 

300*0 

2*2 

4*7 

570 

304*0 

5*0 

4*4 

555 

304*5 

6*5 

14*5 

535 

313*3 

3*5 

5*9 

333 

303*3 

3*0 

3*6 

555 

303*0 

4*0 

5*0 

555 

301*0 

4*5 

3*1 

533 

300*3 

3*5 

3*9 

535 

302*5 

2*2 

5*0 

533 

292*3 

1*5 

2.7 

555 

303*3 

4*0 

7*0 

555 

297*5 

3*5 

6*6 

353 

297.3 

3*5 

5*0 

570 

291*5 

4*0 

7*4 

553 

302*5 

0*0 

15*9 

570 

302*5 

0*3 

24*1 

370 

303*0 

0*0 

10*1 

533 

301*5 

3*0 

11*9 

535 

300*9 

3*0 

6*7 

355 

302*3 

7.0 

19*2 

535 

(3-12) 
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BILLET 

TEST 

SPECIMEN 

VLD.STR.KSI 

SECTION 

NO 

LOCATION 

A*  OFF 

T 

41  5 

M 

240.5 

T 

4»  S 

H 

251.0 

T 

44  5 

M 

254.1 

T 

47  S 

M 

257.5 

T 

49  9 

M 

254.2 

T 

90  9 

H 

229.5 

T 

91  9 

M 

257.5 

T 

49  9 

C 

254.5 

T 

47  9 

C 

221.0 

V 

14  9 

s 

254.0 

V 

19  9 

s 

225.5 

V 

14  9 

s 

224.0 

V 

19  9 

s 

255.0 

V 

41  9 

M 

255.1 

V 

41  9 

M 

242.0 

V 

49  9 

M 

255.0 

V 

49  9 

H 

219.5 

V 

44  9 

H 

245.4 

V 

47  9 

M 

229.5 

V 

49  9 

M 

251.0 

V 

90  9 

H 

254.0 

V 

91  9 

M 

254.0 

V 

49  9 

C 

245.0 

V 

47  9 

C 

251.5 

ULT.&T* 

% 

1 

ESI 

ElONG 

R*A* 

MUM 

Pnfl 

308*0 

3*5 

9*8 

559 

304*3 

4*0 

4*2 

999 

312*0 

4*5 

10*0 

399 

309*4 

9*3 

7*0 

959 

319*8 

4*0 

5*9 

553 

303*3 

4*6 

10*5 

933 

319*9 

2*8 

4*0 

953 

307*3 

4*5 

7*0 

576 

297*8 

3*9 

4*9 

995 

307*9 

7*3 

19*2 

978 

297*9 

8*9 

22*0 

976 

300*9 

7*3 

16*5 

959 

300*0 

7*5 

20*2 

955 

308*1 

4*0 

8*4 

355 

318*8 

5*0 

4*2 

959 

304*3 

4*3 

11*9 

553 

297*3 

4*0 

14*3 

399 

322*0 

4*5 

9*2 

555 

302*5 

3*5 

4*2 

555 

314*3 

7*0 

12*4 

593 

317*2 

4*9 

10*1 

355 

315*0 

3*5 

4*2 

553 

315*0 

4*5 

8*9 

576 

301*2 

2*8 

4.7 

594 

SECTION  3 


TRANSVERSE  NOTCHED  TENSILE  PROPERTIES  OF 
AIR  MELT-DOUBLE  VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24341-2) 


(3-14) 


ooooooooooo  AnnnnnnnAftft 


BILLET 

SECTION 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

• 

B 

B 

B 

B 

6 

B 

B 

B 

B 


H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

H 

I 

I 


TRANSVERSE  NOTCHED  TENSILE  PROPERTIES 


OP  AIR 

MELT-DOUBLE 

VACUUM  ARC 

REMELT 

H— IX 

STEEL  HEAT 

NO*  W-24341 

-2 

TEST 

SPECIMEN 

ULT  STR 

N/S  U.S* 

NO* 

LOCATION 

KSI 

RATIO 

BHN 

l  4 

S 

0*76 

555 

5  4 

s 

248*8 

0*84 

333 

12  4 

s 

297*0 

0*67 

555 

20  4 

M 

269*9 

0*92 

334 

21  4 

M 

166*3 

0.37 

353 

24  4 

H 

247*3 

0*84 

535 

27  4 

M 

212*2 

0*76 

595 

n  4 

M 

234*9 

1*15 

555 

39  4 

H 

183*6 

0*65 

395 

40  4 

C 

197.3 

0*69 

534 

42  4 

C 

179.4 

0*69 

553 

1  4 

s 

237*3 

0*64 

555 

5  4 

s 

224*6 

0,76 

555 

12  4 

s 

229*7 

0*78 

555 

20  4 

M 

229*9 

0*79 

334 

21  4 

M 

139*2 

0*43 

333 

24  4 

M 

239*6 

0*85 

355 

27  4 

M 

191*3 

0*49 

555 

38  4 

M 

230*4 

0*79 

555 

39  4 

H 

294*9 

0*88 

995 

40  4 

C 

133*4 

0*46 

534 

42  4 

C 

194*3 

0*53 

555 

1  4 

s 

176*8 

0*99 

555 

5  4 

s 

238*3 

0*87 

555 

12  4 

s 

299*0 

0*84 

555 

20  4 

M 

218*9 

0*76 

534 

21  4 

M 

200*9 

0*68 

555 

24  4 

M 

198*3 

0*70 

355 

27  4 

M 

184*1 

0*64 

995 

38  4 

M 

23 2.2 

0*87 

555 

39  4 

M 

203*9 

0*70 

353 

40  4 

C 

194*7 

0*63 

534 

42  4 

C 

169*3 

0*38 

555 

1  4 

5 

199*3 

1*04 

555 

3  4 

S 

274*8 

0*95 

355 

12  4 

s 

271*9 

0,96 

555 

20  4 

M 

237*9 

0*83 

534 

21  4 

M 

224*9 

0*74 

555 

24  4 

M 

246*3 

0*82 

555 

27  4 

M 

214*8 

0*72 

555 

38  4 

M 

269*0 

0*93 

555 

39  4 

M 

149*8 

0*49 

559 

40  4 

C 

174.7 

0*58 

534 

42  4 

C 

197*7 

0*66 

355 

1  4 

s 

241*0 

0*81 

595 

9  4 

s 

237*3 

0*81 

555 

12  4 

s 

233*0 

0*85 

355 

20  4 

H 

213*9 

0*74 

534 

21  4 

M 

274*2 

0*93 

995 

24  4 

M 

237*8 

0*81 

595 

27  4 

M 

170*8 

0*99 

599 

38  4 

M 

244*0 

0*80 

999 

39  4 

M 

186*7 

0*64 

595 

40  4 

C 

196*2 

0.97 

394 

42  4 

C 

182*4 

595 

1  4 

s 

227*3 

0,77 

555 

9  4 

ft 

281*0 

0*97 

959 

12  4 

ft 

240*5 

0*84 

599 

20  4 

N 

229*8 

0,77 

594 

21  4 

M 

186*9 

0*64 

555 

24  4 

N 

161*1 

0*93 

555 

27  4 

M 

179*0 

0*60 

555 

38  4 

M 

186*5 

0*64 

555 

99  4 

M 

199*7 

0.72 

595 

40  4 

C 

129*2 

0*45 

594 

42  4 

c 

101*3 

0*36 

555 

1  4 

s 

231*2 

0*87 

595 

9  4 

s 

221*2 

0*79 

555 

(3-15) 


*MC1M€N 

LOCATION 


ult  str 
ICSI 


N/S  U*$* 

RATIO  BHN 


I 

J 

J 

J 

J 

J 

J 

J 

J 

J 

4 

4 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

K 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

M 

N 

N 

N 

H 

N 

N 

M 

N 

N 

N 


N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 


12  4 

1 

261*2 

0,89 

555 

20  A 

M 

111*4 

0,39 

554 

21  4 

M 

201*1 

0.72 

555 

24  4 

M 

140*8 

0.61 

555 

27  4 

M 

174*4 

0,99 

555 

II  4 

H 

211*5 

0.77 

555 

It  4 

N 

190*0 

0,66 

555 

40  4 

C 

205*9 

0.69 

554 

42  4 

C 

215*5 

0.63 

555 

I  4 

S 

207*1 

0.78 

555 

5  4 

s 

210*8 

0.81 

555 

12  4 

5 

211*0 

0.72 

555 

20  4 

N 

244*1 

0.90 

554 

21  4 

N 

180*1 

0.99 

555 

24  4 

M 

244*8 

0.88 

555 

27  4 

M 

194*1 

0.69 

555 

II  4 

H 

180*1 

0.99 

555 

If  4 

M 

242*5 

0.99 

555 

40  4 

C 

184*4 

0.67 

554 

42  4 

C 

214*0 

0.78 

555 

1  4 

1 

210*5 

0.78 

555 

1  4 

1 

282*5 

0.86 

555 

12  4 

1 

211*8 

0*79 

555 

20  4 

N 

257*5 

0.91 

555 

21  4 

M 

222*1 

0.78 

555 

24  4 

M 

171*4 

0.63 

555 

27  4 

M 

245*4 

0.82 

555 

II  4 

N 

250*4 

0,87 

578 

It  4 

H 

214*5 

0.81 

555 

40  4 

C 

114*0 

>.69 

555 

42  4 

c 

251*0 

0.86 

555 

1  4 

s 

221*2 

0.79 

555 

1  4 

1 

242*1 

0.83 

585 

12  4 

1 

202*0 

0.67 

555 

20  4 

H 

212*5 

0.79 

555 

21  4 

M 

222*1 

0.78 

555 

24  4 

M 

198*5 

0.66 

555 

27  4 

N 

218*1 

0.77 

555 

II  4 

N 

270*9 

0.94 

578 

It  4 

M 

280*0 

0.96 

555 

40  4 

C 

151*4 

0.91 

555 

42  4 

C 

141*7 

0.94 

555 

1  4 

1 

241*1 

0.88 

555 

1  4 

1 

177.4 

0.62 

555 

12  4 

1 

251*2 

0,87 

555 

20  4 

M 

218*9 

0.86 

555 

21  4 

M 

150*1 

0.92 

551 

24  4 

N 

274*1 

0.92 

555 

27  4 

N 

122*4 

0.42 

558 

II  4 

M 

214*1 

0.79 

871 

If  4 

M 

212*0 

0,72 

515 

40  4 

C 

129*1 

0.44 

555 

42  4 

c 

112*4 

0.98 

555 

1  4 

1 

252*2 

0.86 

555 

1  4 

I 

249*5 

0.89 

555 

12  4 

1 

254*5 

0.88 

555 

20  4 

M 

225*1 

0.77 

555 

21  4 

M 

194*2 

0.68 

555 

24  4 

H 

241*0 

0.79 

555 

27  4 

M 

155*5 

0.94 

555 

II  4 

N 

254*0 

0.78 

578 

If  4 

M 

151*4 

0.93 

555 

40  4 

C 

204*9 

0.73 

555 

42  4 

C 

110*8 

0.97 

555 

1  4 

s 

212*0 

0.71 

555 

5  4 

s 

224*8 

0.77 

555 

12  4 

s 

257*0 

0.89 

555 

20  4 

M 

275*5 

0.99 

555 

21  4 

M 

190*0 

0,66 

555 

24  4 

H 

245*9 

0.86 

555 

27  4 

M 

201*5 

0.68 

555 

II  4 

M 

242*7 

0.89 

578 
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TfOT 

MO* 

•Of Cl MEN 
LOCATION 

ULT  STM 
test 

N/S  U*$* 
RATIO 

OHM 

90  4 

N 

202*9 

0*99 

999 

40  4 

C 

193*0 

0*47 

999 

oa  4 

c 

240*0 

0*92 

995 

1  4 

s 

104*9 

0*47 

999 

9  4 

s 

299*9 

0*00 

599 

12  4 

$ 

241*0 

0*00 

395 

20  4 

M 

242*9 

0*02 

999 

21  4 

N 

191*0 

0*94 

995 

24  4 

M 

•  170*3 

0*97 

955 

27  4 

M 

174*4 

0*42 

555 

90  4 

H 

219*7 

0*74 

570 

9f  4 

M 

174*4 

0*99 

555 

40  4 

c 

194*0 

0.77 

555 

42  4 

c 

144*9 

0.97 

355 

1  4 

• 

209*9 

0*72 

955 

9  4 

s 

252*9 

0*03 

555 

12  4 

s 

200*4 

0.70 

553 

20  4 

M 

249*9 

0*91 

535 

21  4 

M 

127*0 

0*44 

555 

24  4 

H 

114*0 

0*37 

595 

27  4 

M 

197.3 

0*49 

559 

90  4 

M 

299*1 

0*03 

370 

9f  4 

M 

149*4 

0*34 

535 

40  4 

c 

217*0 

0*74 

533 

42  4 

c 

249*0 

0*02 

959 

1  4 

s 

291*2 

0*07 

355 

9  4 

s 

240*0 

0*00 

535 

12  4 

s 

292*3 

0*94 

333 

20  4 

M 

231*1 

0*77 

955 

21  4 

M 

234*9 

0*01 

555 

24  4 

M 

279*9 

0*07 

595 

27  4 

H 

199*3 

0*43 

355 

90  4 

M 

239*3 

0*74 

570 

99  4 

M 

219*1 

0*73 

555 

40  4 

C 

229*7 

0*74 

353 

42  4 

c 

220*7 

0*72 

555 

c 
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SECTION  4 

LONGITUDINAL  NOTCHED  TENSILE  PROPERTIES  OF 
AIR  MELT-DOUBLE  VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24341-2) 
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HH& 

L 

L 

L 

L 

L 

M 

M 

H 

N 

M 

M 

M 

N 

M 

N 

H 


T 

T 

V 

V 

V 

V 

V 

V 

V 


TUT 

NO# 


mccinin 

LOCATION 


ULT  SIR 
K$! 


40  5 
44  9 
40  9 
44  9 
44  9 


M 

M 

M 

C 

c 


241,9 

279.4 
247,3 
222,8 

237.5 


13  5  S 

17  9  $ 

40  3  M 

44  9  N 

48  9  M 

44  3  C 

44  3  C 


253,3 

254,5 

250.2 

243.7 

284.8 

213.8 

231.2 


13  3 

S 

238,0 

17  3 

4 

272,8 

40  3 

M 

153,3 

44  3 

N 

274,4 

48  3 

M 

237,8 

44  3 

C 

232,8 

44  3 

C 

244#9 

11  9 

1 

239,9 

17  8 

8 

294,3 

40  3 

N 

240,0 

44  3 

M 

308,7 

48  3 

N 

2H<) 

44  3 

C 

24Ui 

44  3 

C 

231,7 

13  3 

3 

230,1 

17  3 

8 

237,2 

40  3 

N 

288,4 

44  3 

M 

278,0 

48  3 

M 

252,3 

44  3 

C 

289,3 

44  3 

C 

242,7 

13  3 

3 

244,1 

17  3 

3 

280,0 

40  3 

N 

231,9 

44  3 

N 

243,4 

48  3 

N 

224,3 

44  3 

C 

237,0 

44  3 

c 

239,1 

13  3 

8 

274,8 

17  8 

3 

282,9 

40  3 

M 

244,4 

44  3 

M 

242,1 

48  3 

N 

271,4 

44  3 

C 

213,7 

44  3 

c 

242,3 

N/S  U.S. 
RATIO 

BHN 

0.89 

553 

0.94 

335 

0.19 

555 

0.72 

343 

0,78 

355 

0.88 

555 

0.88 

555 

0.93 

353 

0.80 

533 

0.98 

555 

0.71 

543 

0.78 

533 

0.78 

555 

0.91 

553 

0.80 

335 

0.89 

335 

0.79 

335 

0.77 

543 

0.90 

553 

0,88 

333 

0.99 

335 

0.77 

333 

0.98 

535 

0,77 

333 

0.90 

343 

0.79 

355 

0.8S 

333 

0.88 

333 

0.99 

333 

0.90 

333 

0.83 

333 

0,97 

343 

0.90 

333 

0.91 

335 

0.99 

333 

0.77 

333 

0.79 

335 

0.79 

333 

0.98 

343 

0.97 

553 

0.99 

333 

0.98 

355 

0.77 

335 

0.81 

335 

0.98 

355 

0.89 

343 

0.80 

535 
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APPENDIX  IV 

TENSILE  PROPERTIES  OP  VACUUM  INDUCTION  MELT-VACUUM 
ARC  REMELT  H-ll  STEEL  (HEAT  NO.  W-24403-l) 
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SECTION  1 

TRANSVERSE  TENSILE  PROPERTIES  OP 
VACUUM  INDUCTION  MELT-VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24403-l) 


(4-2) 


uuuuuuuwvuuwuuuwuu 


TRANSVERSE  TENSILE  PROPERTIES 
Or  VACUUM  INDUCTION  MELT- VACUUM  ARC  REMELT 
H  11  STEEL  HEAT  NO*  W  24403-1 


BILLET 

SECTION 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 

B 


TEST 

SPECIMEN 

YLD.STR.KSI 

NO 

LOCATION 

.2*  orr 

02  4 

S 

224*6 

OS  4 

s 

230.7 

04  4 

s 

233*0 

06  4 

s 

230*2 

OT  4 

s 

232*2 

06  4 

s 

234*4 

09  4 

s 

232*2 

10  4 

s 

236*4 

11  4 

s 

233*7 

22  4 

M 

226*3 

23  4 

H 

226*0 

24  4 

M 

226*8 

23  4 

M 

231*2 

26  4 

H 

230*3 

29  4 

M 

230*6 

SO  4 

M 

230*6 

SI  4 

M 

230.0 

32  4 

M 

233*9 

S3  4 

M 

232*0 

34  4 

M 

228*2 

S3  4 

M 

232*0 

34  4 

H 

229*2 

37  4 

M 

233*2 

61  4 

C 

227*2 

43  4 

c 

227.9 

02  4 

s 

226*2 

03  4 

s 

230*0 

04  4 

s 

232*0 

04  4 

s 

230*4 

07  4 

s 

229*7 

06  4 

s 

232.0 

09  4 

s 

237*1 

10  4 

s 

232*2 

11  4 

s 

232*7 

22  4 

M 

233*3 

23  4 

M 

233*1 

24  4 

M 

226*8 

23  4 

M 

232*4 

26  4 

M 

226.0 

29  4 

M 

230*0 

30  4 

M 

227*2 

31  4 

M 

231*0 

32  4 

M 

233*0 

33  4 

M 

231*3 

34  4 

M 

226*4 

33  4 

M 

233*3 

36  4 

M 

228*2 

37  4 

M 

230*2 

41  4 

C 

229*3 

63  4 

c 

230*1 

02  4 

S 

223*7 

03  4 

s 

229*5 

04  4 

S 

226*5 

06  4 

s 

229.7 

07  4 

s 

229*2 

06  4 

s 

233*4 

09  4 

s 

230*7 

10  4 

s 

231*4 

11  4 

s 

242*6 

22  4 

M 

233*5 

23  4 

M 

229*7 

24  4 

M 

226*8 

23  4 

M 

232*7 

26  4 

M 

231*0 

29  4 

M 

230*3 

30  4 

M 

231*0 

31  4 

M 

232*3 

32  4 

M 

230*0 

33  4 

M 

230*0 

34  4 

M 

223*9 

35  4 

M 

228*0 

34  4 

M 

230.7 

ULT.STR 

% 

% 

RSI 

ELONG 

R*A* 

BHN 

295*1 

5*2 

10.8 

545 

293*7 

7.3 

19.7 

534 

300*3 

6*5 

11*9 

555 

293*7 

7*3 

15*8 

534 

306*3 

6*5 

13*4 

555 

302*3 

3.5 

10*0 

534 

295*3 

9*0 

25*8 

535 

301*4 

9*0 

24*1 

534 

295*6 

7*3 

20*2 

555 

293*6 

7*2 

18*8 

563 

290*9 

5*5 

11*5 

534 

297*1 

8*5 

16*6 

355 

296*5 

7.0 

15*6 

555 

295*0 

8*5 

19.5 

553 

295*0 

3*0 

9*6 

333 

291*3 

6*5 

13.7 

555 

293*3 

6*0 

2.7 

555 

293*5 

7*3 

15*2 

533 

293*5 

3*0 

6*2 

553 

298*3 

7.0 

17.4 

545 

293*0 

5*0 

8.9 

555 

302*0 

5*0 

6*9 

545 

299*6 

2*5 

5*8 

334 

290*3 

5*0 

10*7 

335 

290*6 

3*5 

9*2 

534 

297*8 

7.0 

13*7 

345 

296*4 

6*0 

10.7 

534 

303*6 

6*0 

6*5 

355 

299*2 

6*8 

17*3 

534 

295*6 

7.3 

15*2 

355 

300*5 

8*0 

24*6 

534 

319*0 

8*5 

23*5 

335 

295*3 

6*5 

21*3 

334 

306*3 

6*5 

16*3 

535 

296*6 

6*7 

13*4 

563 

294*0 

5*3 

9*3 

534 

293*9 

7*0 

18*1 

555 

295*9 

5*5 

9*3 

353 

293*0 

7*0 

14*5 

335 

292*5 

6*5 

11*9 

555 

290*0 

7*0 

13*9 

335 

293*3 

6*0 

16*6 

555 

294*5 

6*0 

13*0 

553 

293*8 

5*5 

11*5 

555 

300*7 

5*5 

11*1 

545 

294*3 

3*5 

3*5 

555 

297.7 

6*0 

10*9 

545 

295*2 

3*6 

7.5 

534 

287*7 

5*0 

9.7 

555 

291*7 

4*5 

8*9 

534 

299*6 

6*8 

13*4 

545 

300*4 

6*0 

11*7 

534 

292*0 

7.5 

17*0 

555 

296*3 

6*8 

13*7 

534 

296*6 

6*5 

10*0 

555 

295*2 

7.5 

22*2 

534 

296*1 

6*0 

13*4 

335 

297*8 

7*6 

19*2 

534 

293*6 

6*3 

17.0 

553 

295*3 

6*7 

17.7 

563 

291*3 

3*0 

6*3 

534 

297*1 

6*5 

13*3 

555 

302*8 

6*5 

11.7 

555 

296*0 

5*5 

11*6 

553 

293*6 

5*0 

8*5 

535 

296*3 

6*0 

11*9 

555 

296*3 

6*0 

10*4 

553 

295*5 

6*0 

11*1 

555 

293*0 

4*0 

5*8 

355 

298*3 

3*2 

7*0 

545 

289*6 

4*0 

9.7 

555 

295*9 

6*5 

13*0 

543 

6ILLET 

TEST 

SPECIMEN 

yld.str.ksi 

ULT.STR 

« 

« 

SECTION 

NO 

LOCATION 

.2*  Off 

KSJ 

ELONG 

R*A. 

QUU 

onn 

C 

37  4 

M 

223*1 

297*7 

5*5 

8*3 

534 

C 

61  4 

C 

229*2 

290*3 

5*0 

6*6 

335 

C 

63  4 

c 

223*3 

269*0 

4*5 

12*0 

534 

D 

02  4 

s 

220*7 

293*3 

6*5 

13*6 

345 

0 

03  4 

s 

222*2 

303.3 

7*6 

17.0 

534 

D 

04  4 

s 

227.3 

294*5 

6*0 

16*4 

553 

0 

06  4 

s 

227*4 

297*9 

6*3 

20*6 

334 

0 

07  4 

s 

234*2 

300*3 

7.5 

16*6 

335 

0 

06  4 

s 

237*4 

304*3 

7.3 

19*0 

534 

0 

09  4 

s 

229*7 

297*3 

8*0 

5*0 

555 

0 

10  4 

s 

222*2 

294*6 

5*0 

7.7 

534 

D 

11  4 

s 

232*2 

296*6 

6*0 

8*1 

335 

0 

22  4 

H 

234*6 

296*3 

6*0 

13*4 

563 

0 

23  4 

M 

226*3 

269*4 

4*5 

7*4 

534 

0 

24  4 

N 

226*3 

289.7 

7*5 

17*0 

555 

0 

23  4 

M 

232*9 

299*0 

7*0 

17*9 

333 

D 

26  4 

M 

237*0 

296*3 

4*0 

8*2 

533 

D 

29  4 

H 

232*3 

296*3 

3*3 

6*6 

353 

D 

30  4 

N 

234*2 

295*0 

5*0 

9*3 

553 

0 

31  4 

M 

226*3 

290.0 

6*0 

13*0 

555 

0 

32  4 

N 

237.0 

298*6 

6*0 

13.0 

553 

0 

33  4 

M 

223*1 

284*9 

5*0 

11*8 

363 

D 

34  4 

M 

227*7 

296*3 

6*3 

14*1 

545 

0 

33  4 

M 

226*3 

269*3 

6*3 

14*1 

333 

0 

36  4 

N 

230*0 

299*0 

4*2 

9*1 

545 

0 

37  4 

M 

231*0 

293*9 

3*3 

7.4 

534 

0 

61  4 

C 

227*1 

269*5 

6*0 

13*1 

333 

0 

63  4 

c 

224.7 

266*3 

3*8 

7*0 

334 

E 

02  4 

s 

230*9 

294*6 

7*3 

19*5 

545 

E 

03  4 

6 

224*9 

294*6 

7.3 

20*9 

334 

E 

04  4 

s 

230*0 

294*5 

5*3 

6*1 

553 

E 

06  4 

s 

229*4 

295*1 

3*0 

7.7 

534 

E 

07  4 

s 

229*7 

294*8 

7*0 

15*9 

355 

E 

06  4 

s 

231*0 

297.7 

7*5 

16*3 

534 

E 

09  4 

s 

230*7 

293*3 

5*5 

6*1 

553 

E 

10  4 

s 

226*2 

293*6 

7.0 

15.9 

334 

E 

11  4 

s 

229*7 

295*3 

6*5 

14*6 

535 

E 

22  4 

M 

234*3 

298*8 

6*5 

11*9 

563 

E 

23  4 

H 

226*2 

292*3 

3*0 

3*1 

534 

E 

24  4 

M 

229*6 

295*9 

5*5 

8*9 

555 

E 

23  4 

M 

230.4 

293*9 

7.5 

17*6 

553 

E 

26  4 

M 

232*6 

299*6 

7.0 

17*0 

555 

E 

29  4 

M 

231*3 

293*8 

2*5 

3*3 

555 

E 

30  4 

M 

233*3 

296*3 

6*5 

17.4 

333 

E 

31  4 

H 

230.9 

295*6 

4*0 

8*1 

555 

E 

32  4 

M 

236*3 

299*0 

7*5 

15*6 

533 

E 

33  4 

M 

232*3 

293*3 

4.7 

9*2 

363 

E 

34  4 

M 

226*9 

297.1 

7*0 

16*3 

343 

E 

33  4 

¥ 

227*6 

290*0 

2*5 

4*0 

333 

E 

36  4 

H 

229*3 

301*4 

3*0 

5*2 

343 

E 

37  4 

H 

226*0 

295*2 

3*3 

7.5 

534 

E 

61  4 

C 

225*2 

290*1 

5*0 

8*1 

335 

E 

63  4 

c 

224*3 

263*5 

1*5 

3*9 

334 

H 

02  4 

s 

225*2 

290*1 

7.5 

18*8 

543 

H 

03  4 

$ 

222*2 

294*6 

6*0 

14*5 

534 

H 

04  4 

s 

227*5 

291*6 

6*0 

21*6 

333 

H 

06  4 

s 

226*6 

297.9 

7*3 

20*7 

334 

H 

07  4 

s 

226*6 

293*0 

6*5 

6*3 

553 

H 

06  4 

s 

230*0 

304*3 

5*5 

13*9 

534 

H 

09  4 

s 

227*2 

257.1 

1*0 

1*4 

355 

H 

10  4 

s 

224*2 

283*3 

2*0 

2.7 

534 

H 

11  4 

s 

225*7 

267*4 

1*0 

3.3 

555 

H 

22  4 

M 

234*3 

297.3 

6*7 

13*4 

563 

H 

23  4 

H 

227*2 

269*3 

5*0 

6*6 

534 

H 

24  4 

H 

232*2 

299*6 

4*5 

6*2 

553 

H 

23  4 

M 

235*2 

303*5 

7*5 

19*6 

553 

H 

26  4 

M 

233*0 

299*3 

6*5 

13*4 

355 

H 

29  4 

H 

232*0 

296*6 

5*0 

7.6 

555 

H 

30  4 

H 

233*3 

293*6 

6*5 

18*1 

535 

H 

31  * 

H 

226*0 

290*0 

5*5 

14.3 

555 

H 

32  4 

M 

236*5 

296*3 

5*5 

9*6 

355 

H 

33  4 

N 

233*5 

296*0 

5*5 

10*4 

369 

H 

34  4 

M 

233*1 

301*4 

7*0 

19*7 

545 

H 

33  4 

M 

234*0 

294*5 

6.0 

11*5 

335 

H 

36  4 

H 

226*2 

290*3 

7.3 

20*2 

535 

('t-4) 


n  7'7'7'7'7'7'7'7'7'7'7'7'7'7'7'7'7'7'7'7'T' 


billet 

SECTION 

H 

H 

H 


J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 

J 


TEST 

SPECIMEN 

yld.str.ksi 

NO 

LOCATION 

.2*  OFF 

37  4 

M 

228*9 

41  4 

C 

227*2 

63  4 

C 

224*6 

02  4 

s 

225*4 

03  4 

s 

219*9 

04  4 

s 

227*5 

06  4 

s 

228*6 

07  4 

s 

228*7 

06  4 

s 

231*2 

09  4 

s 

222*2 

10  4 

s 

222*2 

11  4 

s 

226*7 

22  4 

M 

231*2 

23  4 

M 

229*0 

24  4 

M 

224*7 

25  4 

M 

231*2 

26  4 

M 

234*6 

29  4 

M 

235.5 

30  4 

M 

234*0 

31  4 

M 

231.5 

32  4 

M 

237.5 

33  4 

M 

234*5 

34  4 

M 

229*6 

35  4 

M 

233*5 

36  4 

M 

232*2 

37  4 

M 

230*2 

61  4 

C 

228*2 

63  4 

C 

228*7 

02  4 

s 

225*2 

03  4 

s 

223*5 

04  4 

s 

235*0 

06  4 

s 

229*9 

07  4 

5 

230*7 

06  4 

S 

228*0 

09  4 

s 

230*6 

10  4 

s 

223*9 

11  4 

s 

226*2 

22  4 

M 

229*6 

23  4 

M 

234*7 

24  4 

M 

229*9 

25  4 

M 

233*7 

26  4 

M 

231*8 

29  4 

H 

231.0 

30  4 

M 

228.i 

31  4 

M 

228.0 

32  4 

M 

236.0 

33  4 

M 

232*3 

34  4 

M 

228*6 

35  4 

M 

230*0 

36  4 

M 

231*6 

37  4 

M 

230.2 

61  4 

C 

230*2 

63  4 

C 

232.7 

02  4 

s 

222*7 

03  4 

s 

224*7 

04  4 

s 

225*0 

06  4 

s 

227*8 

07  4 

s 

231*1 

08  4 

s 

227*8 

09  4 

s 

229*6 

10  4 

s 

226*3 

11  4 

s 

232*2 

22  4 

M 

22 8*3 

23  4 

M 

227*7 

24  4 

M 

227*3 

25  4 

M 

233*2 

26  4 

M 

227*5 

29  4 

M 

227.7 

30  4 

M 

232*2 

31  4 

M 

231*0 

32  4 

M 

235*0 

33  4 

M 

233*0 

34  4 

M 

224*5 

35  4 

M 

230*5 

36  4 

M 

227*8 

ULT.STR 

« 

% 

ICS  I 

ElONG 

R*A* 

BHN 

296*4 

3*0 

4*9 

555 

290*3 

4*5 

6*2 

555 

266*2 

4*0 

4*3 

534 

269.6 

8*2 

20*6 

545 

300*9 

6*5 

13.4 

534 

291.5 

3*0 

3*9 

555 

300*5 

6*5 

19.2 

534 

296*3 

6*5 

10*7 

555 

296*5 

6*5 

18*3 

534 

286.3 

2*0 

3.5 

555 

291*1 

7*5 

15*2 

534 

290*8 

4*0 

6*2 

555 

280.7 

7*0 

17.4 

563 

267*4 

5*0 

6*6 

534 

290*6 

6*5 

11.9 

534 

290*8 

7.5 

19.9 

555 

300*0 

5*5 

9*6 

555 

295.0 

5*0 

10*4 

555 

293.8 

6*5 

16*6 

555 

293*0 

6*5 

8*9 

555 

307.5 

6*5 

14*8 

555 

300*0 

6*0 

13*4 

563 

301*4 

5*5 

16.6 

545 

295.1 

5*5 

9*3 

555 

301.6 

5*5 

10*1 

545 

296*5 

5.5 

13.2 

534 

289*3 

2*5 

4*3 

555 

292*1 

2*5 

3*5 

534 

296*1 

8*0 

17.7 

545 

295.5 

4*5 

8*6 

534 

297.3 

7.0 

18.6 

555 

295.3 

6*0 

12*2 

534 

298*6 

6*0 

13*0 

555 

296*5 

6*8 

17*9 

534 

293*2 

6*0 

8*9 

555 

289*3 

4*5 

7.0 

534 

290*8 

6*0 

10*4 

555 

292*0 

5*5 

10*1 

543 

294*6 

6*5 

12*6 

334 

299*6 

6*0 

11*1 

555 

299*6 

7.0 

14*4 

555 

300*0 

5*0 

9*6 

553 

296*3 

4*0 

7*3 

555 

292*5 

6*5 

15.2 

555 

292*3 

6*0 

11*5 

555 

296*3 

6*0 

14*9 

555 

295.0 

5*5 

13*0 

563 

300.6 

6*7 

17*8 

545 

291*5 

7*0 

15*9 

555 

298*2 

7*2 

17.1 

545 

299.6 

5*3 

10.7 

534 

285*6 

7.5 

5.0 

555 

290*3 

3*0 

3*9 

534 

290*1 

5*8 

11*9 

528 

303*4 

8*0 

23*0 

534 

292*6 

3*5 

5*8 

355 

291*2 

5*0 

9*6 

534 

296*5 

3*5 

7.4 

534 

290.7 

5*3 

10*8 

534 

293*1 

4*5 

4*3 

553 

288*4 

6*0 

12*2 

534 

293.3 

5*0 

9*6 

555 

269*9 

7.5 

18*9 

545 

294*6 

5*0 

7.7 

534 

293*4 

7.0 

16*3 

555 

295*1 

6*5 

14*8 

355 

293*8 

6*0 

14*1 

334 

292*2 

6*0 

9*3 

555 

295.5 

15*2 

555 

291*8 

7*5 

14*8 

555 

295*8 

5*5 

16*3 

555 

298*2 

5*5 

14*5 

545 

295*1 

6*5 

15.7 

528 

289*8 

4*0 

5.9 

555 

296*3 

6*8 

15.4 

534 

(4-5) 


n  nn 


m?* 


BILLET 

SECTION 


L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

L 

M 

N 

M 

H 

M 

M 

N 

H 

M 

M 

N 

M 

M 

H 

N 

H 

M 

M 

H 

N 

H 

H 

N 

H 

M 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 

N 


TEST 

SPECIMEN 

yld.str.k 

NO 

LOCATION 

.2%  OFF 

17  4 

M 

231*9 

SI  4 

C 

229*2 

SI  4 

C 

228*9 

02  4 

s 

224*4 

03  4 

s 

220*4 

04  4 

s 

228*0 

OS  4 

s 

229*2 

07  4 

s 

228*4 

OS  4 

s 

224*0 

09  4 

s 

229*2 

10  4 

s 

229*0 

11  4 

s 

226.7 

22  4 

M 

232*6 

23  4 

M 

229*2 

24  4 

M 

225.0 

29  4 

M 

229.2 

28  4 

M 

227.5 

29  4 

M 

232*0 

30  4 

M 

226*0 

31  4 

M 

230*5 

32  4 

M 

234*5 

33  4 

M 

228*0 

34  4 

M 

225*6 

39  4 

M 

238*5 

36  4 

M 

227*3 

37  4 

M 

2  30.2 

SI  4 

C 

228.2 

S3  4 

c 

226*9 

02  4 

s 

222*4 

03  4 

s 

220*9 

04  4 

s 

229*5 

OS  4 

& 

223*2 

07  4 

s 

233*8 

08  4 

s 

229*1 

09  4 

s 

229*7 

10  4 

s 

228*2 

11  4 

s 

225*7 

22  4 

N 

231*5 

29  4 

M 

224*0 

24  4 

M 

224*7 

29  4 

M 

230*7 

28  4 

M 

232*5 

29  4 

M 

230*0 

30  4 

M 

230*5 

31  4 

M 

229*0 

32  4 

M 

230*0 

33  4 

N 

231*0 

34  4 

M 

226*9 

39  4 

M 

231*9 

38  4 

M 

224*5 

37  4 

M 

226*7 

SI  4 

c 

230*7 

S3  4 

c 

230*6 

02  4 

s 

222*4 

03  4 

s 

223*9 

04  4 

s 

224.0 

OS  4 

s 

228*2 

07  4 

s 

227*9 

08  4 

5 

227*2 

09  4 

S 

229*2 

10  4 

s 

221*6 

11  4 

s 

227*8 

22  4 

M 

226*6 

23  4 

M 

227*2 

24  4 

M 

222*9 

29  4 

M 

235*2 

28  4 

M 

225*5 

29  4 

M 

228*5 

30  4 

H 

227.5 

31  4 

M 

229*9 

32  4 

M 

235*0 

33  4 

M 

230*0 

34  4 

M 

233*1 

39  4 

M 

231*0 

38  4 

M 

231*7 

ULT.STR 

1 

% 

KSI 

ELON6 

R*A* 

mil 

PCM* 

299*6 

4*5 

9.2 

995 

292*3 

4*0 

5*6 

999 

292*6 

5*5 

12*2 

934 

289*8 

6*2 

13.7 

526 

319*7 

5.5 

9*6 

534 

294*8 

7*5 

6*1 

955 

295.3 

4*0 

6*1 

534 

292*6 

7.0 

20*9 

534 

293*4 

7.0 

15*5 

534 

295*6 

7.5 

16*1 

555 

292*1 

8*3 

16*0 

534 

290.6 

2*5 

3*1 

555 

292*6 

6*2 

13.7 

545 

295*1 

6*0 

10*4 

534 

289.7 

7.0 

16*6 

555 

292.1 

6*5 

19*2 

555 

292.5 

6*5 

15.2 

534 

292.5 

6*5 

14*1 

555 

268.3 

5*5 

12*2 

555 

293.8 

7.0 

16*3 

555 

297.5 

7.5 

11*1 

555 

296*3 

6*0 

14*5 

145 

292*7 

7*2 

20*2 

526 

289*5 

7.0 

14*1 

959 

295*9 

6*0 

18*6 

934 

297*7 

6.Q 

13*6 

953 

291*3 

5*0 

7*7 

595 

291*8 

5*3 

9*2 

534 

269.1 

7.0 

20*2 

526 

296*3 

5*3 

9*6 

934 

290*0 

3*0 

9*8 

595 

295*8 

6*0 

11*5 

934 

295*7 

7*5 

13*4 

934 

293*5 

6*3 

14*6 

934 

299*3 

6*0 

22*3 

959 

293*6 

7*5 

15*2 

934 

293*3 

6*9 

14*1 

999 

291*0 

7*0 

17.4 

149 

287*2 

6*9 

11*6 

934 

269*8 

6*9 

17*4 

999 

291*1 

7*5 

16*1 

999 

295*6 

6*0 

14*2 

594 

290*8 

5*5 

10*7 

395 

269*3 

l.o 

16*7 

595 

290*3 

6*5 

13*4 

355 

291*3 

5*0 

10.0 

559 

296*3 

4*2 

6*6 

545 

300*2 

4*5 

9*0 

526 

293*1 

5*5 

8*9 

955 

295*2 

6*5 

14*3 

934 

295*6 

6*0 

12*6 

359 

293*3 

5*5 

11*3 

559 

269*5 

5*5 

13*4 

594 

264*3 

6*6 

15*5 

926 

299*8 

8*0 

19.9 

594 

265*5 

4*0 

5*0 

555 

290.6 

7.5 

17.7 

534 

291*3 

7.6 

19*9 

534 

295*8 

6*6 

17*0 

534 

290*1 

3*5 

4.7 

559 

274*9 

1*5 

2.7 

534 

296*4 

3*5 

6*4 

555 

293*6 

7.5 

17.7 

555 

266*4 

6*0 

10*6 

934 

287*6 

6*0 

16*6 

534 

295*6 

7*0 

16*1 

555 

291.3 

6*5 

16*3 

534 

291*3 

5*5 

10.4 

555 

267.5 

7*5 

19*2 

555 

292*9 

5*0 

10*6 

555 

294*5 

7*5 

14*1 

995 

294*0 

5*2 

10.4 

549 

291*4 

6*0 

12*0 

526 

292*3 

6*0 

5*0 

595 

294.4 

6*5 

14*5 

534 

BILLET  TEST  SPECIMEN  VLO.STR.KSI 
SECTION  NO  LOCATION  ,2*  OFF 


ult.str 

KS1 


s  * 

ELONG  R.A.  BHN 


( 


t 


37  4  M 

41  4  C 

43  4  C 

02  4  S 

03  4  & 

04  4  & 

04  4  S 

07  4  S 

04  4  S 

00  4  S 

10  4  S 

U  4  6 

22  4  M 

23  4  M 

24  4  M 

23  4  M 

24  4  M 

29  4  M 

30  4  N 

31  4  M 

32  4  M 

33  4  M 

34  4  M 

3ft  4  M 

34  4  M 

37  4  M 

41  4  C 

43  4  C 

02  4  S 

03  4  S 

04  4  S 

04  4  S 

07  4  5 

04  4  S 

09  4  4 

10  4  S 

11  4  4 

22  4  H 

23  4  M 

24  4  M 

2ft  4  M 

24  4  H 

29  4  N 

30  4  M 

II  4  M 

32  4  M 

31  4  H 

14  4  M 

3»  4  M 

34  4  M 

37  4  M 

41  4  C 

43  4  C 

02  4  4 

03  4  S 

04  4  4 

04  4  4 

07  4  S 

Oft  4  S 

09  4  4 

10  4  4 

11  4  4 

22  4  M 

23  4  M 

24  4  M 

29  4  M 

2ft  4  M 

29  4  M 

30  4  M 

31  4  M 

32  4  N 

33  4  H 

T  34  4  M 

T  3ft  4  H 

T  34  4  H 


228*9 

296.3 

227*7 

289*6 

227.8 

291.7 

221.8 

291*2 

220.3 

292*9 

224.3 

289.0 

224.1 

291.9 

228*1 

288*9 

221*9 

289*0 

226.7 

290.6 

227.9 

289.3 

223*9 

278.3 

231.8 

290.0 

230*9 

294*6 

224*8 

294*4 

230*2 

296*1 

229*7 

293.2 

230.0 

289.3 

230.0 

291*3 

224.0 

293.9 

237*0 

296.8 

230*3 

290.9 

224.4 

292.6 

230*9 

292*8 

220.0 

297*7 

223.9 

297.7 

229.7 

291*8 

227*2 

290.3 

224.6 

290.9 

218*2 

290*8 

229.4 

293.4 

222*7 

292.1 

232.1 

291.9 

229*9 

296.9 

227*4 

292*0 

224*7 

266.1 

221.0 

284*0 

229.7 

293*2 

229*8 

297.0 

223*4 

287*8 

227.7 

291*8 

228.0 

293*8 

231*0 

290.9 

230.4 

291*3 

227*0 

287*3 

239*0 

299*3 

231*9 

299*9 

222*4 

291*4 

231*9 

294.9 

227*2 

298*3 

228*8 

298*4 

228*7 

291*1 

227*2 

291*8 

220.7 

293*6 

223*9 

289.4 

219*4 

280*3 

222*4 

293*2 

228*3 

299*2 

229*2 

292*7 

229.7 

292.6 

221*1 

289*4 

217*8 

286.9 

229*8 

291*3 

230*9 

294.6 

222*2 

289*8 

224*4 

288.4 

227.9 

290.7 

226.0 

283.8 

230*8 

299*0 

232*0 

293*0 

234.1 

293*1 

228*2 

292.1 

223*2 

290*8 

228.0 

286*3 

229*2 

299*6 

9.0 

8*3 

555 

6.0 

11*9 

955 

6*0 

11*6 

534 

2*9 

4*0 

528 

6.9 

12*8 

534 

6*9 

12*6 

995 

3.0 

6*9 

934 

6*0 

15.4 

934 

4*9 

10*2 

534 

6.0 

13.7 

555 

6*9 

15*8 

934 

9.9 

13*4 

555 

7.0 

18*1 

559 

6.9 

12*2 

914 

6.9 

15*2 

955 

7*0 

18*8 

955 

6*9 

11*9 

534 

9.0 

11*5 

955 

6.9 

16.6 

555 

7.0 

16*6 

555 

6.9 

13*4 

995 

9.2 

12.4 

549 

6.2 

12.8 

928 

7.0 

12*4 

555 

7.0 

13.9 

534 

4.0 

11*4 

555 

6.9 

8.9 

555 

9.5 

10.4 

534 

7.8 

18.9 

528 

9.0 

10.7 

534 

7.8 

18.4 

545 

6.3 

14*8 

534 

3.9 

5*3 

334 

4.5 

15.4 

534 

8.0 

20*3 

995 

7.0 

17.4 

534 

5*3 

10*9 

955 

7.0 

14*0 

999 

6.9 

12*7 

995 

9.9 

13*4 

914 

7.0 

12*2 

999 

4*9 

13*4 

934 

7*0 

19*6 

555 

7.0 

19*2 

959 

7*9 

18*1 

935 

7.9 

17.7 

995 

5*2 

6*6 

949 

5*0 

9*8 

928 

6*0 

14*9 

999 

7.9 

17*0 

>34 

6.8 

14*8 

999 

6*9 

12*6 

>9> 

6.0 

14*1 

934 

9.9 

7*3 

928 

5*5 

8*4 

534 

5*5 

9*2 

949 

7*3 

15*1 

534 

7*0 

13*8 

934 

4*3 

7.5 

534 

5.0 

10*4 

935 

3.0 

5*8 

934 

5.8 

12*0 

955 

7.0 

18*1 

593 

7.5 

14*4 

555 

6*5 

12*2 

934 

7.0 

16*8 

355 

7.5 

17.4 

534 

7.0 

13*4 

955 

7.0 

18.1 

559 

7*0 

17*0 

355 

4*5 

16*3 

593 

5*8 

13.7 

543 

5*2 

12*2 

328 

7.5 

15.9 

559 

7.5 

17.4 

534 

(4-Y) 


BILLET 

TEST 

SPECIMEN 

YLD#STR *K5I 

ULT.STR 

% 

% 

SECTION 

NO 

LOCATION 

*29  OFF 

KSI 

ELONG 

R.A. 

BHN 

T 

97  4 

M 

232*0 

298*4 

7.0 

16*6 

555 

T 

SI  4 

C 

229*2 

291.9 

6*5 

15.2 

555 

T 

69  4 

C 

229*2 

290*1 

6*5 

14.1 

534 

V 

02  4 

s 

221*4 

289*6 

8*0 

21*6 

528 

V 

0$  4 

s 

221*2 

292.1 

7.0 

19.2 

594 

V 

04  4 

$ 

229*2 

288*6 

7.5 

19.2 

545 

V 

06  4 

s 

226*0 

294.7 

8*5 

21.0 

594 

V 

07  4 

s 

290*0 

296*2 

8*3 

20*9 

594 

V 

06  4 

s 

292*9 

292*2 

8*0 

29.5 

594 

V 

09  4 

s 

226*2 

290*1 

4*0 

7.0 

555 

V 

10  4 

s 

229*9 

292*8 

7.5 

1 2.2 

544 

V 

11  4 

s 

290*0 

292.7 

5*8 

12.0 

555 

V 

22  4 

M 

299*4 

299*9 

7.0 

17.4 

555 

V 

29  4 

M 

227*0 

299.4 

7.0 

14.4 

555 

V 

24  4 

H 

229*0 

297.1 

7.0 

17.4 

555 

V 

29  4 

M 

220*7 

292*6 

7.0 

16.6 

555 

V 

20  4 

M 

229*7 

290.7 

7.0 

17.1 

594 

V 

29  4 

M 

299*0 

291*0 

7.0 

15.6 

555 

V 

90  4 

M 

290*9 

290*0 

7.0 

17.4 

555 

V 

91  4 

M 

290*0 

292*8 

8.0 

17.4 

555 

V 

92  4 

M 

299*9 

291.5 

6.5 

16.3 

555 

V 

99  4 

M 

292*0 

299*9 

3.5 

7.0 

545 

V 

94  4 

M 

229*6 

296*4 

6.0 

13.2 

528 

V 

99  4 

M 

296*0 

292*0 

6.5 

15.2 

555 

V 

96  4 

M 

226*2 

292.7 

6*0 

13.9 

594 

V 

97  4 

M 

229*9 

296*5 

6.0 

11.9 

555 

V 

61  4 

C 

291*7 

291*6 

6.5 

13.0 

555 

V 

69  4 

C 

226*6 

294*2 

5.6 

13.0 

594 

SECTION  2 

LONGITUDINAL  TENSILE  PROPERTIES  OF 
VACUUM  INDUCTION  MELT-VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24403-1) 


(4-9) 
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BILLET 

SECTION 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

A 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

B 

0 

0 


D 

D 

D 

D 

0 

0 

D 

D 

0 

D 

0 

D 

D 

0 

0 


longitudinal  tensile  properties 
or  VACUUM  induction  melt  vacuum  arc  remelt 
H  11  STEEL  HEAT  NO*  W  24403-1 


test 

SPECIMEN 

YLD.STR.KSl 

ult.str 

% 

ft 

NO 

LOCATION 

.2%  OFF 

KSI 

ELONG 

R.A. 

BHN 

14  5 

S 

231.7 

296.3 

7.0 

16.4 

555 

13  3 

S 

231.6 

295.0 

6.5 

23.0 

355 

16  3 

5 

226.7 

296.1 

9.3 

26.5 

533 

16  3 

S 

233.7 

301.0 

7.5 

17.7 

555 

41  3 

M 

229.7 

296.3 

5.5 

11.5 

555 

42  3 

M 

227.0 

295.6 

7.0 

14,9 

555 

43  3 

M 

302.3 

6.0 

11.5 

555 

43  3 

N 

237.5 

296.5 

6.0 

16.1 

555 

46  3 

M 

231.2 

297.1 

7.0 

14.5 

555 

47  3 

M 

224.5 

297.1 

6.0 

11.5 

555 

49  3 

M 

234.5 

304.5 

6.0 

10.5 

555 

30  9 

M 

229.4 

299.3 

6.8 

19.4 

534 

31  3 

M 

234.2 

297.6 

7.0 

15.2 

555 

S3  3 

C 

230.1 

295.7 

5.5 

11.9 

545 

67  3 

C 

222.5 

265.4 

5.0 

11.1 

545 

14  3 

s 

231.2 

306.6 

7.3 

16.0 

555 

13  3 

s 

233.3 

296.3 

7.6 

21.3 

535 

16  3 

s 

229.2 

297.6 

6.0 

19.9 

555 

16  3 

s 

235.0 

299.5 

7.5 

15.3 

355 

41  9 

M 

225.2 

294.6 

5.5 

8.9 

555 

42  9 

M 

229.6 

291.8 

7.3 

21.4 

555 

43  9 

M 

229.7 

290.6 

6.5 

15.6 

555 

49  3 

M 

227.3 

294.7 

4.0 

7,7 

555 

46  9 

M 

227.7 

299.6 

7.0 

17.7 

555 

47  3 

M 

226.4 

296.3 

5.0 

9.6 

555 

49  9 

M 

229.5 

296.9 

6.0 

14.2 

535 

30  3 

M 

232.9 

297.8 

7.3 

19.5 

534 

91  9 

M 

230.7 

291.7 

6,0 

12.2 

555 

49  9 

C 

226.4 

269.3 

3.5 

11.9 

545 

67  3 

c 

224.7 

263.6 

7.0 

14.3 

545 

14  1 

s 

232.2 

299.1 

9.3 

25.4 

955 

19  9 

s 

233.0 

293.6 

6.2 

26.1 

555 

16  3 

s 

239.7 

309.6 

7.0 

15.3 

935 

16  3 

s 

227.7 

294.0 

6.5 

19.4 

355 

41  9 

M 

223.2 

297.1 

4.0 

10.4 

353 

41  9 

M 

230.9 

297.0 

6.9 

19.3 

559 

43  9 

M 

232.0 

293.1 

7,5 

17,8 

399 

49  9 

M 

230.0 

297.3 

4.5 

9.0 

955 

46  9 

M 

233.0 

299.0 

7.0 

13,0 

995 

47  9 

M 

231.2 

297,1 

6.3 

11,3 

555 

49  9 

M 

229.0 

300,7 

5.3 

12.0 

559 

90  9 

M 

236.3 

301.3 

4.6 

16,1 

534 

91  9 

M 

232.7 

296.3 

6.5 

0.1 

955 

49  9 

c 

222.6 

206.0 

3.3 

10.7 

543 

47  9 

C 

222.7 

263.3 

4.2 

4.6 

545 

14  9 

S 

236.2 

296.3 

7.0 

17.0 

534 

19  9 

S 

232.0 

292.5 

6.5 

23.7 

555 

14  9 

s 

230.1 

309.4 

7.0 

10.6 

555 

16  9 

s 

220.0 

292.5 

4.9 

17.0 

555 

41  9 

M 

226.4 

297.7 

4.5 

7.2 

555 

42  3 

M 

234.7 

299.2 

6.5 

16.3 

953 

43  9 

M 

233.5 

294.1 

7.0% 

15,3 

595 

43  9 

M 

232.7 

294.9 

7.0 

7.6 

555 

44  3 

M 

230.4 

303.2 

3.3 

10.4 

355 

47  3 

M 

227.3 

294.6 

6.0 

12.6 

953 

49  3 

M 

231.8 

300.7 

5.5 

11.6 

555 

90  3 

M 

231.2 

300.3 

6.5 

13.4 

534 

91  9 

M 

232.2 

294.1 

7.0 

13.4 

555 

69  5 

C 

227.6 

291.3 

5.2 

9.2 

945 

47  5 

C 

224.9 

285.3 

5.0 

10.0 

545 

14  9 

s 

231.6 

304.0 

7.5 

16.3 

534 

13  3 

s 

235.5 

297,5 

7.6 

22.0 

555 

16  9 

s 

233.2 

307.5 

7.5 

20.6 

535 

10  9 

s 

230.0 

297.3 

7.0 

16.8 

355 

41  9 

M 

224.7 

295.8 

5.0 

10.7 

355 

42  9 

M 

233.0 

297,5 

6.5 

15.2 

555 

43  9 

M 

233.1 

293.7 

5.0 

9.7 

595 

49  9 

M 

290.0 

292.8 

4.5 

7.3 

559 

44  9 

M 

232.4 

300,2 

6.0 

13.6 

955 

47  9 

M 

229.6 

300.3 

4.0 

6,2 

595 

(4-10) 


billet  test  specimen  yld.str.ksi  ult.str 

SECTION  NO  LOCATION  .2*  OFF  KSI 


S  % 

ELONG  R.A.  BHN 


s 


49  9 

M 

227.4 

299*6 

4.0 

6.4 

999 

90  9  ' 

M 

235.1 

307.0 

9.9 

21.0 

994 

91  9 

M 

223.9 

290.9 

9*9 

10.1 

999 

49  9 

C 

223.4 

290.3 

9.9 

9.3 

949 

47  9 

C 

222.8 

289.2 

4.9 

4*9 

949 

( 


( 


H  14  9  S 

H  19  »  S 

H  U  9  S 

H  19  9  S 

H  41  9  M 

H  42  9  M 

H  49  9  M 

H  49  9  H 

H  44  9  H 

H  47  9  M 

H  49  9  N 

H  90  9  M 

H  91  9  M 

H  49  9  C 

H  47  9  C 


231*2 

304.0 

292*6 

296.1 

227.3 

299.5 

231.0 

297.2 

222.9 

294.6 

299.0 

306.3 

229.7 

293.6 

227.1 

291.6 

233*1 

304.5 

227*2 

297*1 

226*3 

292.0 

229.6 

308*3 

232.2 

293.8 

224.8 

269.4 

222.8 

264.5 

6*0 

16*8 

534 

6.1 

23*4 

555 

9.0 

26*6 

955 

7*0 

19*5 

555 

4*0 

6.1 

955 

6.5 

10.7 

555 

4.0 

8.5 

555 

5*5 

10.6 

555 

5*5 

9.7 

559 

4*0 

6*5 

995 

9*0 

10*8 

595 

7*0 

21*7 

394 

9*0 

8*1 

595 

5*0 

9.7 

345 

4*5 

8.1 

349 

14  9 
19  9 
14  9 
14  9 

41  9 

42  9 
49  9 
49  9 
44  9 
47  9 
49  9 

90  9 

91  9 
49  9 
47  9 


5 

6 
S 
S 
M 
M 
M 
M 
M 
N 
H 
M 
M 
C 
C 


J  14  9  S 

J  II  9  S 

J  14  9  S 

J  10  9  4 

J  41  9  M 

J  42  9  M 

J  49  9  M 

J  49  9  M 

J  44  9  M 

J  47  9  H 

J  49  9  M 

J  90  9  M 

J  91  9  H 

J  49  9  C 

J  47  9  C 


K  14  9  S 

K  19  9  & 

K  14  9  S 

It  18  3  & 

It  41  9  M 

It  42  9  M 

It  49  9  M 

It  49  9  M 

K  44  9  M 

K  47  9  M 

It  49  9  H 

It  90  9  M 

It  91  9  M 

It  49  9  C 

It  47  9  C 


L  14  9  S 

L  19  9  a 

L  14  9  4 

L  10  9  4 

L  41  9  M 

L  42  9  M 

L  49  9  M 

L  49  9  M 


247.1 

300.8 

234*3 

300.0 

234.0 

299*1 

226.5 

297*2 

227*4 

299*6 

232*4 

296*4 

234.5 

297*2 

231.1 

295*0 

230.5 

307.0 

224.7 

299*2 

227*1 

295*7 

230.1 

303*9 

230.2 

294.1 

221.0 

290*9 

223.9 

268.9 

228*1 

299*5 

232*8 

292.5 

231.0 

294.7 

229.0 

299.0 

229.4 

296*4 

228.0 

293.8 

233.1 

293.7 

224.9 

291*3 

240.9 

307.5 

224.3 

295.7 

227.9 

299.6 

234.2 

306.8 

231.7 

298.1 

227.3 

290.8 

227.6 

291.9 

230.4 

291.6 

230.5 

296.3 

227.0 

293.9 

232.0 

266.3 

225.5 

297.1 

232.0 

297.6 

225.2 

291.1 

237*5 

287.3 

227.5 

293.6 

227.7 

294.6 

232*5 

298.2 

229*7 

298.1 

231*2 

297.8 

290*4 

290.9 

222*9 

261.0 

231*9 

296*2 

226*8 

292.3 

229*5 

291.6 

232*0 

295.0 

222*7 

290.3 

223*3 

292.7 

232*0 

297.4 

223*5 

290.0 

7.0 

16*3 

934 

6*2 

19*4 

599 

7*5 

19.5 

939 

6*0 

9*6 

395 

3*0 

8*9 

399 

6*0 

14.9 

935 

4.9 

4*3 

993 

4*5 

9.7 

993 

6*5» 

9.7 

559 

9*5 

9*6 

995 

4.0 

7.4 

999 

6*0 

14.2 

994 

4*0 

6*9 

593 

4*0 

7.7 

945 

5*0 

10*4 

949 

6.5 

16.9 

394 

7.0 

16.6 

935 

7*0 

10*6 

999 

7*5 

16*4 

999 

4*0 

14*0 

555 

7*0 

14.8 

555 

4*0 

11.9 

939 

643 

14.1 

593 

5.0 

13.2 

955 

4.5 

11*6 

555 

6*0 

10.0 

353 

5*9 

11.1 

555 

6.0 

13*7 

539 

9*7 

12.2 

945 

4*0 

13.3 

945 

9*3 

23.0 

534 

7.5 

19.5 

555 

7*0 

16.6 

555 

7*0 

16.8 

555 

6*5 

10.0 

994 

6.0 

13.4 

355 

5*5 

12*2 

359 

6*0 

19.4 

555 

7*0 

17*4 

994 

6*9 

12*2 

999 

9*9 

19*9 

959 

7*0 

19*4 

939 

4.9 

6*9 

999 

4*2 

8*9 

949 

5*0 

11.9 

945 

8*0 

16*2 

934 

6*5 

17*0 

995 

6*5 

11*1 

935 

6*0 

20.2 

995 

5*9 

9.4 

994 

5*0 

8*7 

949 

5*0 

6*5 

993 

4*5 

10*4 

959 

(4-U) 


BILLET 

TEST 

SPECIMEN 

YLD.STR.KSI 

SECTION 

NO 

LOCATION 

*  .2%  Off 

L 

46  ft 

M 

228.3 

L 

47  ft 

M 

229.9 

L 

49  ft 

M 

226.4 

L 

ftO  ft 

M 

231.2 

L 

51  ft 

M 

230.2 

L 

6ft  ft 

C 

225.0 

L 

67  ft 

C 

223.7 

H 

14  ft 

s 

220.1 

M 

15  ft 

s 

226.0 

M 

16  ft 

s 

233.1 

M 

IS  ft 

s 

227.0 

M 

41  ft 

N 

224.4 

H 

42  ft 

M 

229.3 

M 

41  ft 

M 

232.5 

H 

4ft  ft 

M 

226.6 

M 

46  ft 

M 

227.5 

M 

47  ft 

M 

226.4 

H 

49  ft 

M 

22ft  .2 

M 

50  ft 

M 

226.1 

M 

fti  ft 

M 

231.2 

M 

6ft  ft 

C 

226.0 

M 

67  ft 

C 

225.2 

N 

14  ft 

S 

224.9 

N 

1ft  ft 

s 

227.0 

H 

16  ft 

s 

229.5 

H 

10  ft 

s 

229.4 

N 

41  ft 

M 

227.5 

N 

42  ft 

M 

229.0 

N 

4ft  ft 

M 

231.7 

H 

4ft  ft 

M 

226.1 

H 

46  ft 

M 

233*1 

H 

47  ft 

M 

221.0 

H 

49  ft 

M 

226.7 

H 

ftO  ft 

M 

229.2 

H 

ftl  ft 

M 

230.7 

H 

6ft  ft 

C 

220.1 

H 

67  ft 

C 

226.9 

P 

14  ft 

S 

230.2 

P 

1ft  ft 

s 

230.0 

P 

16  ft 

s 

232.2 

P 

10  ft 

s 

231.0 

P 

41  ft 

M 

222.9 

P 

42  ft 

M 

226*0 

P 

43  ft 

M 

226.6 

P 

4ft  ft 

M 

229.5 

P 

46  ft 

M 

227.5 

P 

47  5 

M 

222.0 

P 

49  ft 

M 

225.5 

P 

50  ft 

M 

226.2 

P 

ftl  ft 

M 

226.2 

P 

6ft  ft 

C 

226.6 

P 

67  ft 

C 

224.6 

S 

14  ft 

s 

227.7 

s 

1ft  ft 

s 

227.0 

s 

16  ft 

s 

225.6 

$ 

10  ft 

s 

226.S 

s 

41  ft 

M 

227.2 

s 

42  ft 

M 

226.3 

s 

43  ft 

M 

222.1 

s 

4ft  ft 

M 

229.1 

s 

46  ft 

M 

229.5 

s 

47  ft 

M 

222.4 

s 

49  ft 

M 

231.3 

s 

90  ft 

H 

232.2 

s 

ftl  ft 

M 

234.2 

s 

6ft  9 

C 

229.8 

$ 

67  ft 

c 

224.7 

T 

14  ft 

s 

224.5 

T 

1ft  ft 

s 

227.9 

T 

16  ft 

s 

229.2 

T 

10  ft 

s 

224.9 

T 

41  ft 

M 

226.1 

T 

42  ft 

M 

229.5 

ULT.STR 

% 

% 

KS1 

ELONG 

R.A. 

DU6I 

onii 

294.0 

5.0 

13.4 

934 

295.8 

5*5 

10.7 

559 

290.8 

5.5 

10.7 

55ft 

307.5 

5.0 

12.2 

ftftft 

292.6 

6.0 

11.1 

ftftft 

291.3 

5*0 

10.0 

94ft 

262.6 

6*0 

12.6 

54ft 

294.2 

7*5 

14.2 

934 

287.5 

7.0 

17.0 

555 

292.5 

0.0 

20.3 

ftftft 

290.0 

6.0 

19.5 

ftftft 

293.3 

6*0 

12.6 

534 

293.5 

7.0 

10.9 

94ft 

295.7 

5*5 

13.4 

ftftft 

292.2 

5.5 

11.9 

ftftft 

291.4 

5.5 

12.7 

534 

290.0 

6.0 

11.1 

ftftft 

292.1 

6.0 

12.6 

ftftft 

296.2 

3.5 

3.2 

55ft 

295.6 

7.0 

10.7 

55ft 

290.2 

6*5 

11.2 

545 

282.1 

6*5 

14.1 

ftftft 

292.3 

6*5 

14.6 

534 

285.0 

7.0 

10.1 

ftftft 

290.1 

7. ft 

20.0 

ftftft 

291.0 

7.0 

17.0 

ftftft 

299.4 

5*0 

11.2 

934 

296.7 

7.0 

17.3 

94ft 

295.3 

6*0 

11.5 

ftftft 

290.2 

5*9 

10.1 

ftftft 

297.1 

»*ft 

13.8 

934 

290.9 

6*5 

12*6 

ftftft 

296.3 

6*0 

13.0 

55ft 

295.3 

5*5 

13.4 

ftftft 

294.6 

7.0 

12*2 

ftftft 

209.0 

6.2 

12.2 

945 

280.3 

5. ft 

12*2 

ftftft 

292.6 

9.0 

20.2 

534 

260.0 

6. ft 

15*2 

ftftft 

294.3 

7.9 

19*5 

ftftft 

293.0 

0.0 

20.9 

995 

295.0 

5.0 

9*2 

534 

293.4 

6.0 

13.0 

545 

291.7 

5.5 

10.6 

ftftft 

294.0 

5.0 

9.2 

ftftft 

296.3 

6.5 

13.0 

534 

292.2 

3.5 

7.7 

ftftft 

295.7 

5.0 

10*5 

ftftft 

294.3 

6.0 

13.4 

ftftft 

291.0 

5.5 

11.9 

ftftft 

209.2 

5.0 

0.5 

»4ft 

285.9 

6.0 

12.7 

ftftft 

297.9 

7.3 

13.4 

534 

293.8 

6.5 

15.9 

ftftft 

293.2 

6.5 

13.4 

ftftft 

290.0 

6.5 

14.5 

ftftft 

299.6 

5.9 

10.7 

934 

292.7 

4.5 

7.0 

54ft 

290.5 

6*0 

12.7 

ftftft 

295.5 

9.5 

11.6 

ftftft 

292.9 

5.0 

12.0 

534 

290.0 

6*5 

14.1 

ftftft 

293.2 

6.5 

14.5 

ftftft 

296.1 

7.0 

17.7 

55ft 

294.6 

6.0 

12.2 

555 

291.3 

6.0 

13.7 

545 

267.1 

6.0 

14.1 

ftftft 

200.7 

6.5 

10.0 

534 

207.5 

7.5 

20.6 

ftftft 

293.0 

7.0 

19.5 

ftftft 

291.0 

6.5 

1ft. ft 

555 

293.2 

5.5 

12.7 

ftftft 

290.4 

4.8 

10.0 

54ft 

BILLET 

TEST 

SPECIMEN 

YLD.STR.KSI 

SECTION 

NO 

LOCATION 

.2*  OFF 

T 

43  9 

M 

234*0 

T 

49  9 

M 

229*1 

T 

44  9 

M 

222*0 

T 

47  9 

M 

223*9 

T 

49  9 

M 

223*4 

T 

90  9 

M 

226*7 

T 

91  9 

M 

232*7 

T 

49  9 

C 

226*3 

T 

47  5 

c 

226*6 

V 

14  9 

s 

232*2 

V 

19  5 

s 

230*0 

V 

14  9 

s 

229*6 

V 

16  9 

s 

226*9 

V 

41  9 

M 

226*2 

V 

42  9 

M 

226*8 

V 

43  9 

M 

239*5 

V 

49  9 

M 

231*3 

V 

44  9 

M 

231*4 

V 

47  9 

M 

224.7 

V 

49  9 

M 

230.2 

V 

90  9 

M 

229*1 

V 

91  9 

M 

231.7 

V 

49  9 

c 

226*3 

V 

67  9 

C 

228*9 

ULT.STR 

% 

% 

KSI 

ELONG 

R*A* 

OUil 

onn 

294*8 

6*0 

13.9 

555 

293*9 

5*5 

9*3 

555 

269*8 

5*0 

9.7 

534 

289*6 

9*0 

9*6 

555 

289*6 

5*5 

11*1 

555 

296*3 

6*0 

13*4 

555 

289*6 

6*0 

13*0 

555 

294*9 

5*9 

9*6 

545 

288*4 

6*5 

13.7 

555 

296*3 

8*5 

16*6 

534 

295*0 

6*5 

22*0 

555 

291*7 

6*0 

22*1 

555 

289*0 

6*5 

15*6 

555 

295*8 

6*0 

14*1 

534 

297.0 

6*2 

16*3 

545 

292*4 

7.0 

5*6 

555 

293.3 

4*5 

7*4 

559 

296*5 

6*0 

17.5 

534 

290*6 

6*0 

13*7 

955 

296*3 

6*0 

1 2.2 

555 

300*2 

6*0 

13*1 

555 

295*6 

7*0 

16*3 

955 

269*6 

5.5 

10.0 

545 

293*3 

5*9 

10*4 

555 

SECTION  3 

TRANSVERSE  NOTCHED  TENSILE  PROPERTIES  OP 
VACUUM  INDUCTION  MELT-VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24403-1) 


(4-14) 


TRANSVERSE  NOTCHED  TENSILE  PROPERTIES 
OP  VACUUM  INOUCTION  MELT-VACUUM  ARC  REMELT 
M-II  STEEL  HEAT  NO*  M-J4A03-1 


SPECIMEN 

location 


ult  str 

KSI 

232*2 

23A.3 

2|S*S 

2SI*2 

2*3.9 

303.1 
233.T 
297. • 
217*3 
223. S 
239.* 

213.2 

252.2 
214.0 
2*3.2 

239.1 
2  AS.* 

291.9 
2A9.1 

212.3 

221.T 

229.2 

229.9 
2A1.* 
219.* 

199.1 
207.* 

199.9 
220.0 
299*9 
299.* 

219.1 

290.2 


N/S  U.S. 
RATIO 


i  4 

4 

204*1 

»  4 

1 

244*4 

11  4 

4 

210.0 

19  4 

M 

144*7 

a  4 

N 

144*1 

14  4 

» 

274*4 

It  4 

N 

221*1 

14  4 

M 

299.9 

It  4 

N 

141*4 

40  4 

C 

214*4 

42  4 

c 

144*7 

I  4 

4 

244*1 

1  4 

4 

244*7 

11  4 

4 

241*4 

20  4 

M 

224*1 

tl  4 

M 

200*9 

24  4 

M 

217.9 

27  4 

M 

241*1 

14  4 

M 

241*4 

14  4 

H 

221*4 

40  4 

C 

204*4 

42  4 

C 

224*4 

1  4 

4 

272*1 

1  4 

4 

274*7 

12  4 

4 

291*0 

20  4 

N 

211*4 

21  4 

M 

144*1 

24  4 

M 

244*7 

27  4 

M 

291*4 

14  4 

M 

144*2 

14  4 

N 

141*4 

40  4 

C 

214*4 

42  4 

c 

224*2 

1  4 

4 

241*2 

0*74 

134 

0*77 

134 

0.71 

114 

0*41 

134 

0*41 

111 

1*04 

111 

0*87 

111 

0*44 

111 

0#7S 

111 

0*74 

111 

0*42 

134 

0*72 

134 

0*41 

134 

0*70 

134 

0*41 

134 

0*41 

111 

0*44 

111 

0*44 

111 

0*44 

111 

0*72 

111 

0*77 

111 

0*74 

114 

0*71 

114 

0*91 

114 

0*71 

114 

0*44 

114 

0*71 

111 

0*44 

111 

0*71 

111 

0*47 

111 

0*44 

111 

0*74 

111 

0*47 

114 

0*44 

114 

0*44 

114 

4*71 

114 

0*44 

114 

0*47 

141 

0*44 

111 

0*71 

111 

0*79 

111 

0*42 

111 

0*71 

111 

0*44 

114 

0*91 

114 

0*41 

114 

1*00 

114 

0*74 

114 

0*44 

111 

0*71 

111 

0*42 

111 

0*44 

111 

0*74 

111 

0*72 

111 

0*41 

114 

0*42 

114 

0*41 

114 

0*44 

114 

0*71 

114 

0*11 

111 

0*44 

111 

0*44 

111 

0*44 

111 

0*49 

111 

0*71 

111 

0*74 

114 

0*41 

114 

(4-15) 


SHUT 

TIST 

SPECIMEN 

ULT  STR 

N/ft  U.S. 

SECTION 

NO# 

LOCATION 

ftftl 

PATIO 

OHN 

I 

5  4 

S 

264*4 

0.90 

594 

I 

12  4 

s 

259*0 

0.19 

994 

1 

20  4 

M 

271.9 

0.94 

594 

I 

21  4 

M 

2)4*5 

0.12 

559 

I 

2*  4 

N 

251.5 

0.14 

599 

27  4 

M 

2S2.I 

0.79 

999 

1 

II  4 

M 

2)4.0 

0.71 

595 

I 

It  4 

N 

255.4 

0.14 

999 

1 

SO  4 

C 

242.2 

0.14 

999 

I 

42  4 

c 

229.2 

0.71 

994 

J 

1  4 

s 

222.7 

4.79 

994 

J 

1  4 

$ 

244.1 

0.19 

994 

J 

12  4 

s 

224.1 

0.77 

994 

J 

20  4 

N 

202.4 

0.41 

994 

J 

21  4 

M 

219.7 

0.75 

599 

J 

24  4 

M 

210.5 

0.72 

959 

J 

27  4 

M 

219.4 

0.79 

959 

J 

SI  4 

M 

212.2 

0.99 

959 

J 

19  4 

M 

221.2 

0.74 

995 

J 

40  4 

C 

210.5 

0.74 

555 

J 

42  4 

c 

194.7 

0.41 

594 

ft 

1  4 

1 

210.0 

0.92 

994 

K 

S  4 

ft 

217.1 

0.79 

994 

ft 

12  4 

1 

2S7.4 

0.11 

994 

ft 

20  4 

M 

250.4 

0.19 

994 

ft 

21  4 

N 

211.0 

0.74 

999 

ft 

24  4 

M 

277.4 

0.94 

991 

ft 

27  4 

N 

119.9 

0.49 

994 

ft 

SI  4 

N 

220.1 

4.74 

999 

ft 

99  4 

N 

2S2.9 

0.71 

999 

ft 

40  4 

C 

2S7.4 

0.11 

999 

ft 

42  4 

C 

147.2 

0.97 

994 

L 

1  4 

ft 

2S9.9 

0.74 

994 

L 

»  4 

ft 

299.4 

1.41 

994 

L 

12  4 

ft 

147.0 

0.97 

994 

L 

24  4 

N 

244.9 

0.19 

994 

l 

21  4 

M 

221.4 

0.77 

999 

l 

24  4 

N 

242.1 

0.91 

999 

l 

27  4 

M 

249.  S 

0.19 

999 

l 

SI  4 

N 

254. S 

4.47 

999 

l 

St  4 

N 

241. S 

0.19 

999 

l 

44  4 

C 

214.4 

0.74 

999 

l 

42  4 

C 

294.4 

0.12 

994 

M 

M 

12 

ft 

ft 

244.7 

211.7 

IM 

994 

994 

M 

12  4 

ft 

249.2 

0.19 

994 

N 

20  4 

N 

242.1 

0.91 

994 

N 

21  4 

N 

209.9 

0.79 

995 

N 

24  4 

N 

21S.4 

0.74 

999 

N 

27  4 

M 

219.7 

0.74 

999 

N 

SI  4 

N 

241.7 

0.12 

999 

M 

S9  4 

N 

291. 9 

0.71 

999 

N 

40  4 

C 

221.7 

0.74 

999 

N 

42  4 

C 

211.9 

0.79 

994 

N 

1  4 

ft 

254.9 

0.14 

994 

II 

1  4 

ft 

210.9 

0.72 

994 

N 

12  4 

ft 

299.9 

0.11 

994 

N 

24  4 

M 

292.9 

0.11 

994 

N 

21  4 

N 

294.4 

0.14 

999 

N 

24  4 

M 

171.0 

0.42 

999 

N 

27  4 

M 

242.1 

0.90 

999 

N 

SI  4 

N 

244.7 

0.91 

991 

N 

S9  4 

M 

194.2 

0.44 

999 

N 

40  4 

C 

214.1 

0.74 

999 

N 

42  4 

C 

172.1 

0.99 

994 

P 

1  4 

ft 

240.2 

0.94 

994 

P 

»  4 

ft 

244.0 

0.19 

994 

P 

20  4 

M 

229.4 

0.77 

994 

P 

21  4 

M 

244.) 

0.14 

999 

P 

24  4 

M 

297.4 

0.12 

999 

P 

27  4 

N 

257.) 

0.19 

999 

P 

SI  4 

N 

221.7 

0.74 

599 

(4-16) 


c 


( 


mb 


OM 


'»!  8SW8 


ULT  ATR 
KSI 


H/A  U.i. 

RATIO  OHN 


ft  A 
AO  A 
At  A 


H 

C 

c 


199.7 

o.«« 

9)9 

0.81 

999 

0,84 

9)4 

1  A 
I  A 
12  A 

20  A 

21  A 
>A  A 
27  A 
90  A 
it  A 
AO  A 
A2  A 


A 

A 

A 

N 

H 

H 

N 

H 

M 

C 

c 


244.  ) 
270.0 
2)1.0 
m.o 
lto.o 
220*2 
217.0 
2)9.1 
214.4 
2)0.4 
220.1 


O.A) 

O.tA 

0.12 

O.Ai 

0.A4 

0*74 

0.70 

O.AO 

0.72 

O.Ai 

0.79 


90A 

•14 

9)4 

9)4 

999 

9)9 

999 

909 

999 

999 

9)4 


7 

T 

T 

T 


1  A 
9  A 
12  A 

20  4 

21  A 
2A  A 
27  A 
90  A 
)t  A 
AO  A 
A2  A 


A 

A 

A 

M 

M 

M 

M 

M 

M 

C 

C 


247.0 

0*84 

9)4 

202.4 

0«8f 

9)4 

2)9.0 

8*88 

9)4 

2)1.4 

0.81 

9)4 

249.0 

0.88 

99) 

229.0 

0.77 

999 

229.9 

0.81 

990 

210.7 

0.78 

999 

2)2.4 

0.88 

99) 

290.4 

0.78 

099 

100.9 

0.88 

9)4 

V 

V 

V 

V 
¥ 

V 

V 

V 

V 

V 

V 


1  4 
9  4 


12  A 

20  4 

21  A 
2A  A 
27  A 


it  A 
it  A 
AO  A 
A2  4 


A 

A 

A 

M 

M 

M 

M 

H 

M 

C 

C 


229.9 
2AA.0 

200.9 
2)2. t 
200.2 
2)2.9 
224.  2 
2A9.  0 
244.2 
229.) 
2)9.1 


0.77 

O.tO 


O.tA 

0.00 

O.tl 

0.00 

0.77 

O.0A 

O.tO 

0.77 

0.00 


9)4 

9)4 

9)4 

9)4 

099 

90) 

999 

90) 

999 

99) 

9)4 


t 

(4-17) 


SECTION  4 

LONGITUDINAL  NOTCHED  TENSILE  PROPERTIES  OF 
VACUUM  INDUCTION  MELT-VACUUM  ARC  REMELT  H-ll  STEEL 
(HEAT  NO.  W-24403-1) 


(4-18) 


0rteS86SS0!ae()cVf5S,1fficKCab6«pKEegJtff, 

H-U  STCIL  Mf at  no.  M-J4A0J-1 


•IttCT 

TEST 

SPEC  I  HEN 

ult  str 

N/S  U.S. 

SECTION 

NO. 

LOCATION 

KSI 

RATIO 

BHN 

A 

IS  5 

S 

916.2 

1.07 

934 

A 

IT  S 

s 

309*0 

1.01 

934 

A 

40  9 

M 

SOS.O 

1.02 

999 

A 

44  9 

H 

312.7 

1.09 

994 

A 

41  9 

M 

300.1 

1.00 

994 

A 

44  9 

C 

221.7 

0.79 

999 

A 

44  9 

c 

297.9 

1.04 

994 

6 

IS  9 

s 

304.1 

0.99 

934 

• 

17  9 

s 

269.7 

0.49 

934 

6 

40  9 

H 

299.4 

1.01 

999 

6 

44  9 

H 

240.9 

0.94 

994 

• 

44  9 

H 

279.4 

0.92 

994 

a 

44  9 

C 

246.4 

0.49 

999 

a 

44  9 

c 

214.6 

0.76 

994 

c 

IS  9 

s 

307.0 

1.03 

994 

c 

17  9 

s 

240.2 

0.99 

994 

c 

40  » 

N 

274.1 

0.99 

999 

c 

44  9 

M 

304.7 

1.03 

994 

c 

44  9 

M 

309.6 

1.01 

994 

c 

44  9 

C 

299.2 

0.49 

999 

c 

44  9 

c 

297.1 

0.91 

994 

0 

IS  9 

s 

244.6 

0.94 

994 

0 

17  9 

s 

249.0 

0.97 

994 

D 

40  9 

M 

299.4 

0.49 

999 

0 

44  9 

H 

211.9 

0.70 

994 

0 

44  9 

M 

319. 4 

1.02 

934 

D 

44  9 

C 

266.7 

0.92 

999 

0 

46  9 

C 

279.2 

0.94 

994 

c 

IS  § 

9 

297. S 

0.49 

994 

K 

1?  9 

4 

311.1 

1.09 

994 

c 

40  9 

M 

240.7 

0.94 

999 

e 

44  1 

H 

204.4 

0.44 

994 

c 

44  9 

M 

297.4 

0.44 

994 

c 

44  9 

C 

292. S 

0.40 

999 

c 

44  9 

c 

299.4 

0.49 

994 

H 

IS  9 

4 

319.9 

1.09 

994 

H 

17  9 

& 

243.2 

0.42 

994 

H 

40  9 

M 

294.4 

0.97 

999 

H 

44  9 

M 

296.2 

0.44 

994 

H 

44  9 

N 

297.9 

0.49 

994 

M 

44  9 

C 

226.3 

0.74 

999 

H 

44  9 

c 

244.2 

0.47 

994 

I 

IS  9 

4 

271.4 

0.90 

994 

I 

It  9 

4 

244.1 

0.49 

994 

I 

40  9 

H 

249.4 

0.94 

999 

1 

44  9 

M 

244.3 

0.99 

994 

I 

44  9 

N 

234.4 

0.74 

994 

I 

44  9 

C 

212.0 

0.79 

999 

I 

44  9 

C 

222.9 

0.77 

994 

J 

IS  9 

4 

909.7 

1.02 

994 

J 

17  9 

4 

294.3 

0.79 

994 

J 

40  9 

H 

267.7 

0.91 

999 

J 

44  9 

H 

299.4 

0.49 

994 

J 

44  9 

H 

264.4 

0.46 

994 

J 

44  9 

C 

214.0 

0.74 

999 

J 

44  9 

c 

291.4 

0.79 

994 

K 

IS  9 

4 

910.4 

1.07 

994 

K 

17  9 

4 

274.1 

0.96 

994 

K 

40  9 

H 

241.9 

0.99 

999 

K 

44  9 

M 

267.2 

0.91 

994 

K 

44  9 

H 

244.1 

0.99 

994 

K 

44  9 

C 

264.2 

0.91 

999 

K 

44  9 

C 

299.9 

0.49 

994 

L 

IS  9 

4 

244.7 

0.91 

994 

L 

17  9 

4 

294.9 

0.44 

994 

(4-19) 


ms. 

TfiT 

MO* 

one !  HI* 

LOCATION 

ULT  STR 

KOI 

N/0  U*0* 
RATIO 

BHN 

t 

40  9 

M 

290*4 

0*99 

999 

L 

44  f 

H 

292*9 

0*79 

994 

t 

40  9 

M 

249*2 

0*80 

994 

L 

44  9 

C 

229*9 

0*77 

999 

t 

44  9 

c 

249*4 

0*87 

994 

n 

11  9 

s 

204*1 

0*97 

994 

M 

17  9 

0 

240*9 

0*99 

994 

M 

40  9 

M 

207*9 

0*90 

999 

M 

44  9 

M 

291*1 

0*00 

994 

M 

40  9 

H 

204*9 

0*70 

994 

N 

44  9 

C 

294*0 

0*00 

999 

M 

44  9 

C 

204*8 

0*79 

994 

N 

19  9 

0 

914*8 

1*00 

994 

N 

17  9 

0 

249*9 

0*09 

994 

N 

40  9 

H 

217*1 

0*79 

999 

N 

44  9 

M 

247*9 

0*09 

994 

N 

40  9 

M 

292*9 

0*04 

994 

N 

44  9 

C 

240*4 

0*09 

999 

N 

44  9 

C 

291*9 

0*07 

994 

19  9 

0 

279*9 

0*94 

994 

P 

17  9 

0 

299*4 

1*00 

994 

P 

40  9 

M 

229*7 

0*77 

999 

P 

44  9 

M 

247*9 

0*90 

994 

P 

40  9 

H 

244*4 

0*04 

994 

P 

44  9 

C 

242*9 

0*91 

999 

P 

44  9 

C 

299*4 

0*09 

994 

% 

19  9 

0 

274*1 

0*99 

994 

i 

17  9 

0 

299*7 

0*00 

994 

o 

40  9 

M 

270*0 

0*99 

999 

o 

44  9 

* 

104*9 

0*44 

994 

s 

40  9 

M 

271*9 

0*91 

994 

$ 

44  9 

C 

294*4 

0*01 

999 

$ 

44  9 

C 

219*0 

0*79 

994 

T 

19  9 

0 

919*7 

1*09 

994 

T 

17  9 

9 

219*7 

0*79 

994 

T 

40  9 

M 

292*7 

0*90 

999 

T 

44  9 

H 

297*0 

0*09 

994 

T 

40  9 

* 

217*1 

0*79 

994 

T 

44  9 

C 

249*4 

0*90 

999 

T 

44  9 

c 

224*0 

0*79 

994 

V 

19  9 

0 

299*7 

0*04 

994 

V 

17  9 

s 

299*9 

0*90 

994 

V 

40  9 

N 

219*4 

0*79 

999 

V 

44  9 

M 

229*9 

0*70 

994 

V 

40  9 

N 

299*9 

0*04 

994 

V 

44  9 

C 

290*4 

0*02 

999 

V 

44  9 

c 

220*4 

0*70 

994 

(4-20) 


% 


APPENDIX  V 

HISTOGRAMS  FOR  ULTIMATE  STRENGTH,  PER  CENT 
REDUCTION  IN  AREA,  NOTCH  ULTIMATE  STRENGTH, 
AND  NOTCH/SMOOTH  STRENGTH  RATIO  PLOTTED  FOR 
EACH  MELT  PROCESS,  SPECIMEN  DIRECTION,  AND 
CROSS-SECTIONAL  LOCATION 


( 


(5-1) 


C 


SECTION  1 


HISTOGRAMS  FOR  AIR  MELT-VACUUM  ARC  REMELT  H-ll 
STEEL  HEAT  NO.  W-24341-1 


(5-2) 


Class 

Mid-Point 


*tu  K*1 

Frequency 

261 

1 

X 

264 

1 

X 

267 

1 

X 

270 

1 

X 

272 

3 

XXX 

275 

2 

XX 

278 

8 

XXXXXXXX 

281 

6 

XXXXXX 

283 

27 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

286 

62 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

289 

103 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

292 

97 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

294 

84 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

297 

87 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

300 

73 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

302 

38 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

305 

13 

xxxxxxxxxxxxx 

308 

11 

xxxxxxxxxxx 

311 

8 

XXXXXXXX 

313 

4 

xxxx 

316 

1 

X 

Number  of  Tests 

631 

Arithmetic  Mean 

293.3 

Standard  Deviation 

7.2 

Maximum  Value 

314.8 

Minimum  Value 

260.0 

Standard  Deviation  of  the  Mean 

.29 

Class 

Mid-Point 

ft  R.  A.  Frequency 


1.2 

2.7 

4.3 

5.8 


13.5 
15.0 

16.6 
18.1 
19.6 
21.2 

22.7 

24.3 

25.8 

27.3 
28.9 

30.4 

32.0 


15 

62 


107 

8l 

ill 

72 


9 

20 

18 

17 

12 


7 

6 

3 

1 

0 


1 

2 

1 

1 


xxxxxxxxxxxxxxx  _ 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx— » 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxx 

xxxxxxxxxxxx 

xxxxxxx 

xxxxxx 

XXX 

X 


X 

XX 

X 

X 


Number  of  Tests  632 

Arithmetic  Mean  8.1 

Standard  Deviation  4.8 

Maximum  Value  31.2 

Minimum  Value  0.4 

Standard  Deviation  of  the  Mean  0.19 


PIOURE  5-1 

HISTOGRAMS  FOR  SMOOTH  SPECIMEN  ULTIMATE  STRENOTH  AND  PER  CENT 
REDUCTION  IN  AREA  —  AIR  MELT-VAR  BILLET 


(5-3) 


Claaa 

Mid-Point 

Pfcu  Kai  Praquenoy 


262 

1 

X 

265 

260 

1 

1 

X 

X 

271 

2 

XX 

275 

278 

3 

7 

XXX 

XXXXXXX 

281 

10 

XXXXXXXXXX 

284 

39 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

287 

59 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

291 

78 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

294 

73 

52 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

297 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

300 

41 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

304 

15 

xxxxxxxxxxxxxxx 

307 

4 

xxxx 

310 

4 

xxxx 

313 

3 

XXX 

316 

1 

X 

Number  of  Tost a 

394 

Arithmetic  Mean 

292.2 

Standard  Deviation 

7.2 

Maximum  Value 

314.8 

Minimum  Value 

260.0 

Standard  Deviation  of  the  Mean 

.36 

data 

Mid-Point 

%  R.A.  Praouanoy 


0.9 

2.0 

l°o 

i.  1 
>.l 

r.2 
8.2 
9.3 

10.3 

11.3 

12.4 

13.4 

14.5 

15.5 

16.5 

17.6 
l6.6 


4 
3 

p 

IE 

30 

22 

12 

9 

5 
1 
0 
1 


xxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

XXXXXXXXXXXXXXXXXXXXXXXXXX)  _  „ 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxxxxxx 
xxxxxxxxxxxxxxx 
xxxxxxxx 
xxxxxxxxxxxx 
xxxxxxxxx 
xxxxx 

X 


Number  of  Ideate 

394 

Arithmetic  Mean 

6.6 

Standard  Deviation 

3.5 

Maximum  Value 

10.1 

Minimum  Value 

0.4 

Standard  Deviation  of  the  Mean 

0.17 

t 


PIOURE  5-2 

HXSTOQRAMS  POR  SMOOTH  TRANSVERSE  SPECIMEN  ULTIMATE  STRBNQTH  AND 
PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-VAR  BILLET 


(5-4) 


Class 

Mid-Point 

Ksi  Frequency 


262 

266 

270 

273 


151 

285 

289 

293 

296 

300 

304 

308 


312 

316 


1  X 

1  X 

0 
0 

3  XXX 

1  X 

7  xxxxxxx 

39  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
48  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 
25  xxxxxxxxxxxxxxxxxxxxxxxxx 
17  xxxxxxxxxxxxxxxxx 

1  X 

0 
0 

1  X 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimus  Value 

Standard  Deviation  of  the  Mean 


144 

292.2 

6.2 


313.8 

260.0 

0.51 


Class 

Nld-Polnt 

<  R.A.  Frequency 


1.0 

1 

2.3 

6 

3.6 

11 

4.8 

7 

6.1 

19 

7.4 

13 

8.6 

18 

9.9 

22 

11.1 

13 

12.4 

7 

13.7 

15 

14.9 

6 

16.2 

4 

17.5 

1 

18.7 

1 

X 

xxxxxx 
xxxxxxxxxxx 
xxxxxxx 


xxxxxxxxxxxxx 
xxxxxxxxxxxxxxxxxx 

XXXXXXXXXXXXXX mmm 

vinuryvraXXXXXl 

XXXXXXX  ■■ 


XXXX 
X 
X 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


144 

9.0 

3-7 

18.1 

0.4 

0.31 


FIGURE  5-3 

HISTOGRAMS  POR  SMOOTH  TRANSVERSE  SURPACE  SPBCIMBN  ULTIMATE  STRENGTH 
AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-VAR  BILLET 


(5-5) 


Claaa 

Mid-Point 

Ksl  Frequenoy 


266 

269 

272 

1 

1 

2 

275 

0 

278 

2 

3 

15 

287 

290 

29 

36 

293 

35 

296 

35 

299 

27 

302 

20 

305 

4 

307 

310 

i 

X 

X 

XX 

XX 

XXX 

xxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxx 

xxxx 

XXX 

xxxx 

XX 

X 


Nuaber  of  Teats 

220 

Arlthaatlo  Mean 

293.2 

Standard  Deviation 

7.4 

Maximum  Value 

314.8 

Mlnlaua  Value 

264.8 

Standard  Deviation  of  the  Mean 

0.50 

Nuaber  of  Taata 
Arlthaatlo  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


PIOURB  5-4 

HISTOQRAMS  FOR  SMOOTH  TRANSVBRSB  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENOTH  AMD  PER  CENT  REDUCTION  IN  AREA  —  AIR  MBLT-VAR  BILLET 


(5-6) 


Class 

Mid-Point 

»tu  Kal  Frequanoy 


2  XX 

2  XX 

4  XXXX 

8  XXXXXXXX 
12  XXXXXXXXXXXX 

0 

1  X 

0 

1  X 


Number  of  lasts 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


296.5 

273.4 

0.79 


Class 

Mid-Point 

<  R.A.  Frequency 


1.5 

2 

XX 

2.2 

3 

XXX 

3.0 

5 

xxxxx 

3.7 

10 

xxxxxxxxxx 

4.5 

3 

XXX 

5.2 

1 

X 

6.0 

2 

XX 

6.7 

3 

XXX 

7.5 

1 

X 

Number 

of  Tests 

30 

Arlthaetio  Mean 

4.0 

Standard  Deviation 

1.6 

Maximum  Value 

7.1 

Minlxium  Value 

1.1 

Standard  Deviation  of  the  Mean 

0.30 

FIGURE  5-5 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  OBIT  REDUCTION  IN  AREA  —  AIR  MSLT-VAR  BILLET 


(5-7) 


Class 

Mid -Point 

Ptu  Ksl  Prequenoy 


276 

1 

X 

278 

1 

X 

280 

0 

282 

0 

285 

10 

XXXXXXXXXX 

20 

XXXXXXXXXXXXXXXXXXXX 

31 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

291 

25 

XXXXXXXXXXXXXXXXXXXXXXXXX 

293 

22 

XXXXXXXXXXXXXXXXXXXXXX 

296 

27 

XXXXXXXXXXXXXXXXXXXXXXXXXXX 

3* 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

300 

26 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

302 

12 

xxxxxxxxxxxx 

305 

12 

xxxxxxxxxxxx 

307 

8 

xxxxxxxx 

309 

5 

xxxxx 

311 

2 

XX 

314 

1 

X 

Humber  of  Tests 

237 

Arithmetic  Mean 

295.3 

Standard  Deviation 

6.6 

Maximum  Value 

312.5 

Minimum  Value 

274.5 

Standard  Deviation  of  the  Mean 

0.4: 

Class 

Mid-Point 

%  R,A.  Prequenoy 


3.5 

1:1 

8.6 
10.2 

11.9 
13.6 

13.3 

16.9 
18.6 

20.3 
22.0 

23.7 

25.3 
27.0 

26.7 

30.4 
32.0 


11 

30 

50 

33 

30 

n 

12 

15 

10 

i 

3 

1 

o 

3 

1 

1 


xxxxxxxxxxx 


xxxxxxxxxxxxxxxxxxxxxxx 

xxxx 

xxxxxxxxxxxx 

xxxxxxxxxxxxxxx 

xxxxxxxxxx 

xxxxxxx 


X 

XXX 

X 

X 


Number  of  Teste 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 
Standard  Deviation 


238 

10.7 

5.5 

31.2 

2.1 

the  Mean  0.36 


VICTORS  5-6 

HISTOORAMS  FOR  SMOOTH  LONQXTUDINAL  SPECIMEN  ULTIMATE  STRENOTH 
AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-VAR  BILLET 


(5-8) 


Class 

Mid-Point 

?tu  Ksl  Frequency 


292 

294 

296 

i 

11 

XXX 

XXXX 

XXXXXXXXXXX 

298 

14 

XXXXXXXXXXXXXX 

300 

12 

XXXXXXXXXXXX 

302 

5 

XXXXX 

304 

3 

XXX 

306 

2 

XX 

308 

6 

XXXXXX 

310 

1 

X 

312 

1 

X 

313 

1 

X 

Number  of  Tests  63 

Arithmetic  Mean  299.7 

Standard  Deviation  4 . 8 

Maximum  Value  312.5 

Minimum  Value  291.0 

Standard  Deviation  of  the  Mean  0.6l 


Class 

Mid-Point 

&  SsJL  Prequanoy 


8.1 

10.3 

12.5 

14.7 

16.9 

19.1 

21.3 

23.5 

25.7 

27.9 

30.1 

32.3 


4  XXXX 

4  XXXX 

5  XXXXX 

9  XXXXXXXXX 

16  xxxxxxxxxxxxxxxx 

10  xxxxxxxxxx 

7  xxxxxxx 

4  XXXX 


0 


Humber  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


64 

17.5 


5.3 


31.2 


7.0 

0.66 


FIGURE  5-7 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-VAR  BILLET 


(5-9) 


Class 

Mid-Point 


ptu  KBl 

Frequency 

276 

2 

XX 

278 

0 

281 

0 

284 

4 

xxxx 

286 

18 

xxxxxxxxxxxxxxxxxx 

289 

37 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

291 

20 

xxxxxxxxxxxxxxxxxxxx 

294 

? 

xxxxxxxxx 

297 

14 

xxxxxxxxxxxxxx 

299 

14 

xxxxxxxxxxxxxx 

302 

12 

xxxxxxxxxxxx 

304 

7 

xxxxxxx 

307 

3 

XXX 

310 

1 

X 

312 

1 

X 

Number  of  Tests 

142 

Arithmetic  Mean 

293.2 

Standard  Deviation 

6.6 

Maximum  Value 

310.8 

Minimum  Value 

274.5 

Standard  Deviation  of  the  Mean 

0.56 

1 


Class 

Mid-Point 


*  R.A. 

Freauenoy 

3.3 

4 

xxxx 

4.4 

10 

xxxxxxxxxx 

5.5 

16 

xxxxxxxxxxxxxxxx 

6-z 

23 

xxxxxxxxxxxxxxxxxxxxxxx 

7.8 

29 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

8.9 

14 

xxxxxxxxxxxxxx 

10.0 

17 

xxxxxxxxxxxxxxxxx 

11.2 

13 

xxxxxxxxxxxxx 

12.3 

7 

xxxxxxx 

13.4 

l 

X  . 

14.5 

2 

XX 

15.7 

2 

XX 

16.8 

1 

X 

17.9 

2 

XX 

19.1 

1 

X 

Number  of  Tests 

142 

Arithmetic  Mean 

8.3 

Standard  Deviation 

3.0 

Maximum  Value 

18.5 

Minimum  Value 

2.7 

Standard  Deviation  of  the  Mean 

0.25 

PXOURS  5-8 

HISTOORAMS  FOR  SMOOTH  LONGITUDINAL  MID-RADIUS  SPECIMEN  ULTIMATE 
STRBNOTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MBLT-YAR  BILLET 


(5-10) 


Claaa 

Mid-Point 

V.  Kal  Frequenoy 
tu _ 


291 

294 

i 

xxxxxxxxx 

xxxxxxxx 

296 

5 

xxxxx 

299 

1 

X 

3°1 

4 

xxxx 

304 

2 

XX 

306 

1 

X 

309 

1 

X 

311 

1 

X 

Number  of  Testa  32 

Arithmetic  Mean  295  <9 

Standard  Deviation  5.3 

Maximum  Value  310.0 

Minimum  Value  290.0 

Standard  Deviation  of  the  Mean  0.94 


Claaa 

Mid-Point 

<  R.A.  Frequency 


4.5 

2 

XX 

5.6 

9 

XXXXXXXXX 

6.7 

1 

X 

7.8 

6 

xxxxxx 

8.9 

6 

xxxxxx 

10.0 

1 

X 

11.0 

4 

xxxx 

12.1 

2 

XX 

13.2 

1 

X 

Number  of  Teete 

32 

Arithmetic  Mean 

7.9 

Standard  Deviation 

2.4 

Maximum  Value 

12.7 

Minimum  Value 

3.9 

Standard  Deviation  of  the  Mean 

0.43 

PMORE  5-9 

HISTOQRAMS  FOR  SMOOTH  LONOZTUDZNAL  CENTER  SPECIMEN  ULTIMATE 
STRBNOTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  NBLT-VAR  BILLET 


(5-11) 


Class 

Mid-Point 

F^u  Kal  Frequency 


119 

2 

XX 

130 

2 

XX 

141 

6 

xxxxxx 

152 

10 

xxxxxxxxxx 

163 

9 

xxxxxxxxx 

174 

19 

xxxxxxxxxxxxxxxxxxx 

ld5 

18 

xxxxxxxxxxxxxxxxxx 

196 

23 

xxxxxxxxxxxxxxxxxxxxxxx 

207 

23 

xxxxxxxxxxxxxxxxxxxxxxx 

218 

23 

xxxxxxxxxxxxxxxxxxxxxxx 

229 

32 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

240 

34 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

251 

22 

xxxxxxxxxxxxxxxxxxxxxx 

262 

25 

xxxxxxxxxxxxxxxxxxxxxxxxx 

273 

21 

xxxxxxxxxxxxxxxxxxxxx 

284 

16 

xxxxxxxxxxxxxxxx 

m 

0 

1 

X 

Number  of  Taata 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


286 

221.7 

39.3 

300.5 

113.2 

0.23 


Olaaa 

Mid-Point 

M/S  Ratio  Frequency 


£S 

.456 


1 

1 

1 

j. 


583 

13 

•  w5 

20 

’.710 

If 

.752 

30 

.795 

.637 

28 

42 

.879 

36 

.922 

18 

.964 

11 

1.01 

4 

1.05 

1 

1.09 

1 

X 

X 

X 

xxxxxxx 

xxxxxxxxxxxxxxxx 

xxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 


xxxxxxxxxxxxxxxxxx 

xxxxxxxxxxx 

xxxx 

X 

X 


Number  of  Teats 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


283 
0.76 
0.131 
1.07 
0.35  „ 
0.0078 


FXOURS  5-10 

HISTOGRAMS  FOR  NOTOHKD  SPECIMEN  ULTIMATE  8T1UM0TH  AMD  MOTOH/8NOOTR 
BgUaWTH  RATIO  —  AIR  MSLT-VAR  BILLET 


(5-12) 


Class 

Mid-Point 

Ftu  Ksl  Prequenoy 


119 

2 

13? 

2 

144 

10 

157 

8 

169 

17 

181 

18 

194 

19 

206 

17 

219 

14 

231 

23 

244 

18 

256 

13 

268 

7 

28l 

7 

293 

1 

XX 

XX 

xxxxxxxxxx 

xxxxxxxx 

xxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxx 

xxxxxxx 

xxxxxxx 

X 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 

Maximum  Value 

Minimum  Value 

Standard  Deviation  of  the  Mean 


176 

208.6 

38.8 

287.0 

113.2 

2.92 


Class 

Mid-Point 

M/S  Ratio  Frequency 


22 
.470 
.517 
.565 
.613 
.661 
.709 
.757 
.805 
.832 
.900 
.948 

iff 


1  X 

1  X 

3  XXX 

13  XXXXXXXXXXXXX 

10  XXXXXXXXXX 

19  XXXXXXXXXXXXXXXXXXX 

18  XXXXXXXXXXXXXXXXXX 

27  XXXXXXXXXXXXXXXXXXXXXXXXXXX 

21  XXXXXXXXXXXXXXXXXXXXX 

18  XXXXXXXXXXXXXXXXXX 

18  XXXXXXXXXXXXXXXXXX 

17  XXXXXXXXXXXXXXXXX 

4  XXXX 

1  X 

1  X 


Number  of  Tests  172 

Arithmetic  Mean  0.72 

Standard  Deviation  0.129 

Maximum  Value  1.02 

Minimum  Value  0.35 

Standard  Deviation  of  the  Mean  0.0098 


FIOURE  5-11 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  SPECIMEN  ULTIMATE  STRENGTH 
AND  NOTOH/SMOOTH  STRENGTH  RATIO  —  AIR  MKLT-VAR  BILLET 


(5-13) 


Class 

Mid- Point 

'tu  Ksl  Frequenoy 


155 

2 

XX 

lTZ 

2 

XX 

189 

4 

xxxx 

206 

0 

223 

7 

xxxxxxx 

240 

15 

xxxxxxxxxxxxxxx 

257 

274 

lJ 

xxxxxxxxxxxxx 

xxxx 

291 

1 

X 

Nuaber  of  Tssts 
ArlthMtlo  Mean 
Standard  Deviation 
Maxlanw  Value 
Nlnlaaun  Value 

Standard  Deviation  of  the  Mean 


48 

236.1 

31*5 

282.3 

146.0 

4.55 


Olaaa 

Mid-Point 

M/S  Ratio  Frequency 


.514 

2 

XX 

.§§1 

1 

X 

.649 

0 

.716 

3 

XXX 

.784 

.651 

11 

'  XXXXXXXXXXX 

20 

XXXXXXXXXXXXXXXXXXXX 

:S8 

8 

2 

XXXXXXXX 

XX 

1.05 

1 

X 

Nuaber  of  Testa  48 

ArlthMtlo  Mean  O.83 

Standard  Deviation  0.101 

M&xiaua  Value  1.02 

Mlnlswue  Value  0.48 

Standard  Deviation  of  the  Mean  0.0146 


FIGURE  5-12 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SNOOTH  STRENGTH  RATIO  —  AIR  MELT-VAR  BILLET 


(5-14) 


Olui 

Mid-Point 

Ksl  Frequency 


121 

2 

XX 

137 

4 

xxxx 

153 

9 

xxxxxxxxx 

loo 

11 

xxxxxxxxxxx 

184 

10 

xxxxxxxxxx 

200 

15 

xxxxxxxxxxxxxxx 

216 

16 

xxxxxxxxxxxxxxxx 

232 

13 

xxxxxxxxxxxxx 

247 

6 

xxxxxx 

263 

6 

xxxxxx 

279 

3 

XXX 

295 

1 

X 

Number  of  Tests 

96 

Arithmetic  Mean 

202.8 

Standard  Deviation 

38.8 

Maximum  Value 

287.0 

Minimum  Value 

113.2 

Standard  Deviation  of  the  Mean 

3.96 

Glees 

Mid-Point 

M/B  Ratio  Frequency 


.37 7 
.430 
.484 

1 

0 

3 

X 

XXX 

.538 

11 

xxxxxxxxxxx 

•  591 

Q 

xxxxxxxxx 

.645 

19 

xxxxxxxxxxxxxxxxxx 

.699 

16 

xxxxxxxxxxxxxxxx 

13 

xxxxxxxxxxxxx 

11 

xxxxxxxxxxx 

.860 

6 

xxxxxx 

.913 

5 

xxxxx 

.967 

1 

X 

Number  of  Testa  94 

Arithmetic  Mean  0.69 

Standard  Deviation  0.116 

Maximum  Value  0.94 

Minimum  Value  0.35 

Standard  Deviation  of  the  Mean  0.0120 


VICTORS  5-13 

HISTOORAMS  FOR  NOTCHED  TRANSVERSE  MID-RADIUS  SPECIMEN  ULTIMATE 
STRBNOTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MBLT-VAR  BILLET 


(5-15) 


Class 

Mid-Point 

Pfcu  Ksl  Frequenoy 


147 

4 

xxxx 

159 

0 

171. 

7 

xxxxxxx 

163 

7 

xxxxxxx 

195 

7 

xxxxxxx 

206 

4 

xxxx 

218 

1 

x 

240 

242 

0 

2 

XX 

Number  of  Teste 

32 

Arithmetic  Mean 

185.0 

Standard  Deviation 

23.3 

Maximum  Value 

236.0 

Minimum  Value 

141.3 

Standard  Deviation  of  the  Mean 

4.1 

( 


Class 

Mid -Point 

M/3  Ratio  Praquanoy 


.432 

1 

X 

.477 

1 

X 

.522 

4 

XXXX 

.567 

2 

XX 

.612 

6 

XXXXXX 

.657 

5 

XXXXX 

.702 

6 

XXXXXX 

.747 

4 

XXXX 

.792 

1 

X 

Number  of  Testa 
Arithmetics  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


0.63 

0.092 

0.77 

0.41 

0.0168 


PIQURE  5-14 

HIST00RAMS  POR  NOTCHED  TRANSVERSE  CENTER  SPECIMEN  ULTIMATE 
STRENQTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-VAR  BILLET 


(5-16) 


Class 

Hid- Point 

»tu  Kil  Frequency 


g! 

t' 


182 

5 

190 

7 

199 

3 

208 

4 

V& 

8 

8 

S3* 

12 

243 

10 

252 

11 

261 

9 

270 

17 

278 

11 

2o7 

4 

296 

0 

305 

1 

xxxxx 

xxxxxxx 

XXX 

xxxx 

xxxxxxxx 

xxxxxxxx 

xxxxxxxxxxxx 

xxxxxxxxxx 

xxxxxxxxxxx 

xxxxxxxxx 

xxxxxxxxxxxxxxxxx 

xxxxxxxxxxx 

xxxx 

X 


Number  of  Tests  110 

Arithmetic  Mean  242.3 

Standard  Deflation  30.0 

Naxlmns  Value  300.5 

Minimum  Value  177.2 

Standard  Deviation  of  the  Mean  2.86 


L 


Class 

Mid-Point 

N/B  Ratio  Preauenor 


•  511 

2 

XX 

.55? 

0 

KQk 

:?35 

2 

7 

XX 

xxxxxxx 

.676 

3 

XXX 

,718 

6 

xxxxxx 

.759 

.801 

13 

xxxxxxxxxxxxx 

21 

xxxxxxxxxxxxxxxxxxxxx 

.842 

16 

xxxxxxxxxxxxxxxx 

.884 

17 

xxxxxxxxxxxxxxxxx 

:SS§ 

10 

xxxxxxxxxx 

10 

xxxxxxxxxx 

1.01 

2 

XX 

1.05 

1 

X 

1.09 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


111 

0.82 

0.108 

1.07 

0.49 

0.0103 


PIQURB  5-15 

HISTOGRAMS  FOR  NOTCHED  LONOXTODINAL  SPBCZMBN  ULTIMATE  STRENOTH 
AND  NOTCH/SMOOTH  STRHNOTH  RATIO  —  AIR  MBLT-VAR  BILLET 


(5-17) 


■trnmmmm 


Class 

Mid- Point 

*tu  Frequency 


212 

1 

X 

224 

1 

X 

235 

1 

X 

24? 

8 

XXXXXXXX 

259 

5 

XXXXX 

271 

8 

XXXXXXXX 

263 

7 

XXXXXXX 

295 

0 

306 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


JS.t 

19.6 


300.5 

205.8 

3.46 


( 


Class 

Mid-Point 

N/S  Ratio  Frequency 


657 

1 

X 

712 

1 

X 

767 

622 

5 

XXXXX 

9 

XXXXXXXXX 

877 

7 

XXXXXXX 

932 

987 

4 

4 

XXXX 

xxxx 

04 

0 

10 

1 

X 

Number  of  Tests 

32 

Arithmetic  Mean 

0.86 

Standard  Deviation 

0.088 

Maximum  Value 

1.07 

Minimum  Value 

0.63 

Standard  Deviation  of  the  Mean 

0.0156 

C 


PIOURB  5-16 

HISTOGRAMS  FOR  NOTCHED  LONOXTDDIMAL  SURFACE  SPBOZMKN  ULTIMATE 
STRKNOTH  AND  NOTCH/SMOOTH  STRENOTR  RATIO  —  AIR  MBLT-VAR  BILLET 


(5-18) 


*' 

* 

4  * 


Class 
Mid- Point 

Ftu  Ksl  Frequanoy 


191 

4 

xxxx 

204 

1 

X 

216 

2 

XX 

228 

5 

XXXXX 

241 

6 

XXXXXX 

253 

8 

XXXXXXXX 

265 

10 

XXXXXXXXXX 

278 

10 

XXXXXXXXXX 

290 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


47 

249.1 
26.5 

284.0 

185.1 
3.86 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.646 

2 

XX 

.697 

3 

XXX 

.748 

XXX 

.799 

8 

XXXXXXXX 

.851 

XXXXXXXX 

.902 

13 

XXXXXXXXXXXXX 

.953 

7 

XXXXXXX 

.00 

2 

XX 

.06 

1 

X 

Number  of  Tests 

47 

Arithmetic  Mean 

0.85 

Standard  Deviation 

0.092 

Maximum  Value 

1.03 

Minimum  Value 

0.62 

Standard  Deviation  of  the  Mean 

0.0134 

FIGURE  5-17 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENOTH  AND  NOTCH/SMOOTH  STRENOTH  RATIO  —  AIR  MELT-VAR  BILLET 


(5-19) 


Class 
Mid- Point 

Ptu  Ksl  Frequency 


183 

4  XXXX 

195 

5  XXXXX 

206 

4  XXXX  1 

218 

9  XXXXXXXXX 

230 

6  XXXXXX 

242 

2  XX 

253 

0 

265 

0 

277 

1  X 

Number  of  Tests 

31 

Arithmetic  Mean 

213.0 

Standard  Deviation 

21.2 

Maximum  Value 

270.8 

Minimum  Value 

177.2 

Class 

Mid-Point 

Standard  Deviation  of  the  Mean 

3.80 

N/S  Ratio 

Frequency 

.521 

2 

XX 

.582 

2 

XX 

.643 

5 

XXXXX 

.704 

4 

XXXX 

.766 

10 

XXXXXXXXXX 

.627 

.888 

7 

0 

xxxxxxx 

.949 

1 

X 

.01 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  0.74 

Standard  Deviation  0.107 

Maximum  Value  0 . 98 

Minimum  Value  0.49 

Standard  Deviation  of  the  Mean  0.0188 


FIGURE  5-18 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-VAR  BILLET 


(5-20) 


SECTION  2 

HISTOGRAMS  FOR  AIR  MELT-DEGAS -VACUUM  ARC 
REMELT  H-ll  STEEL  HEAT  NO.  W-24342-V1 


(5-21) 


Class 

Mid-Point 

Ptu  Ksi  Frequenoy 


206 

1 

X 

212 

0 

217 

0 

223 

0 

228 

0 

234 

0 

240 

0 

245 

0 

251 

0 

256 

1 

X 

262 

2 

XX 

267 

0 

273 

1 

X 

278 

7 

XXXXXXX 

284 

48 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

289 

111 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

295 

175 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-^ 

300 

161 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

306 

120 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX— * 

312 

9 

XXXXXXXXX 

317 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


Class 
Mid- Point 


#  R,A»  Frequency 


0.6 

5 

XXXXX 

1.8 

19 

xxxxxxxxxxxxxxxxxxx 

3.0 

55 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

4.2 

96 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

5.3 

107 

XXXXXXXXXXXXXXXXXXXXXKXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

6.5 

86 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX— * 

7 .7 

56 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX— » 

8.9 

48 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

10.1 

42 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

11.3 

32 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

12.4 

32 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

13.6 

14 

xxxxxxxxxxxxxx 

14.8 

11 

xxxxxxxxxxx 

16.0 

10 

xxxxxxxxxx 

17.2 

6 

xxxxxx 

18.4 

3 

XXX 

19.6 

3 

XXX 

20.7 

5 

XXXXX 

21  ,9 

3 

XXX 

CO  1 

c  >  .  J. 

3 

XXX 

24.3 

1 

X 

Number  of  Tests  637 

Arithmetic  Mean  7.5 

Standard  Deviation  4.1 

Maximum  Value  23*7 

Minimum  Value  0 

Standard  Deviation  of  the  Mean  0,l6 


637 

296.4 

8.3 

314.3 

203.5 
0.33 


PIOURB  5-19 

HISTOGRAMS  POR  SMOOTH  SPECIMEN  ULTIMATE  STRENGTH  AND  PER  CENT 
REDUCTION  IN  AREA  —  AIR  MELT-DEGAS-VAR  BILLET 


(5-22) 


Class 
Mid -Point 

Ftu  Ksl  Frequency 


207 

1 

X 

213 

0 

220 

0 

226 

0 

232 

0 

239 

0 

245 

0 

252 

0 

258 

1 

X 

264 

2 

XX 

271 

0 

277 

4 

XXXX 

284 

43 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

290 

118 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

296 

139 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-f 

303 

68 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

309 

22 

XXXXXXXXXXXXXXXXXXXXXX 

316 

1 

X 

Number  of  Tests  399 

Arithmetic  Mean  294.3 

Standard  Deviation  8.5 

Maximum  Value  312.5 

Minimum  Value  203.5 

Standard  Deviation  of  the  Mean  0.43 


Class 
Mid -Point 


%  FLA. _ Frequency 


1.3 

7 

xxxxxxx 

2.4 

30 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

3.5 

58 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX' 

4.5 

70 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

5.6 

44 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

6.6 

50 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

7-7 

36 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

8.7 

26 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

9.8 

22 

XXXXXXXXXXXXXXXXXXXXXX 

10.9 

19 

xxxxxxxxxxxxxxxxxxx 

11.9 

13 

xxxxxxxxxxxxx 

13.0 

11 

xxxxxxxxxxx 

14.0 

2 

XX 

15.1 

6 

xxxxxx 

16.2 

3 

XXX 

17.2 

0 

18.3 

0 

19.3 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


398 

6.5 

3.24 

18.8 

0.8 

0.16 


FIGURE  5-20 

HIST0QRAMS  FOR  SMOOTH  TRANSVERSE  SPECIMEN  ULTIMATE  STRENGTH 
AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-DEOAS-VAR  BILLET 


(5-23) 


Class 
Mid -Point 

Ffcu  Ksi  Frequency 


259 

1 

X 

262 

1 

X 

266 

0 

269 

0 

273 

0 

276 

2 

XX 

279 

0 

283 

16 

XXXXXXXXXXXXXXXX 

286 

31 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

290 

28 

XXXXXXXXXXXXXXXXXXXXXXXXXXXX 

293 

26 

XXXXXXXXXXXXXXXXXXXXXXXXXX 

296 

24 

XXXXXXXXXXXXXXXXXXXXXXXX 

300 

12 

xxxxxxxxxxxx 

303 

1 

X 

307 

2 

XX 

Number  of  Tests  144 

Arithmetic  Mean  290.4 

Standard  Deviation  6.6 

Maximum  Value  305.0 

Minimum  Value  257.2 

Standard  Deviation  of  the  Mean  0.55 


Class 

Mid-Point 

%  R,A, _ Frequency 


1.7 

3 

XXX 

3.0 

7 

xxxxxxx 

4.3 

12 

xxxxxxxxxxxx 

5.5 

21 

xxxxxxxxxxxxxxxxxxxxx 

6.8 

26 

XXXXXXXXXXXXXXXXXXXXXXXXXX 

8.1 

17 

xxxxxxxxxxxxxxxxx 

9.3 

15 

xxxxxxxxxxxxxxx 

10.6 

19 

xxxxxxxxxxxxxxxxxxx 

11.8 

10 

xxxxxxxxxx 

13.1 

7 

xxxxxxx 

14.4 

•2 

XX 

15.6 

3 

XXX 

16.9 

1 

X 

18.2 

0 

19.4 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


144 

8.1 


1.1 

0.28 


FIGURE  5-21 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  -  AIR  MELT- DEO  AS -VAR 
BILLET 


(5-24) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


207 

213 

220 

226 

232 

239 

245 

252 

258 

264 

271 

277 

284 

290 

296 

303 

309 

316 


1 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

2 

6 

51 

8l 

59 

22 

1 


X 


XX 

xxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

XXXXXXXXXXXXXXXXXXXXXX 

X 


Number  of  Tests  223 

Arithmetic  Mean  297.0 

Standard  Deviation  8.9 

Maximum  Value  312.5 

Minimum  Value  203.5 

Standard  Deviation  of  the  Mean  0.60 


Class 

Mid-Point 

#  R,  A, _ Frequency 


1.6 

*1 

5.2 
6.1 
7.0 

5:| 

9.8 

10.7 

n.6 

12.5 

13.5 
14.3 

15.2 
16.1 
17.1 


9  XXXXXXXXX 

17  xxxxxxxxxxxxxxxxx 

30  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

42  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

26  xxxxxxxxxxxxxxxxxxxxxxxxxx 

22  XXXXXXXXXXXXXXXXXXXXXX 

24  xxxxxxxxxxxxxxxxxxxxxxxx 

14  xxxxxxxxxxxxxx 

13  xxxxxxxxxxxxx 

7  XXXXXXX 

6  XXXXXX 

2  XX 

4  XXXX 

3  XXX 
0 

2  XX 

0 

1  X 


Number  of  Tests 

222 

Arithmetic  Mean 

5.8 

Standard  Deviation 

2.8 

Maximum  Value 

16.6 

Minimum  Value 

1.1 

Standard  Deviation  of  the  Mean 

0.19 

FIGURE  5-22 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENOTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT- DEO AS -VAR 
BILLET 


(5-25) 


Class 
Mid -Point 

Ftu  Ksl  Frequency 


267 

1 

X 

272 

0 

277 

0 

282 

1 

X 

287 

3 

XXX 

292 

15 

xxxxxxxxxxxxxxx 

297 

11 

xxxxxxxxxxx 

302 

0 

308 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  292.6 

Standard  Deviation  6.6 

Maximum  Value  305.0 

Minimum  Value  264.2 

Standard  Deviation  of  the  Mean  1.17 


Class 
Mid- Point 

%  R.A. _ Frequency 


a 

1:1 

8.6 

10.4 

12.1 

13.8 

15.6 


6  XXXXXX 

10  xxxxxxxxxx 

12  xxxxxxxxxxxx 

3  XXX 

0 

0 

0 

0 

1  X 


Number  of  Teste 
Arithmetic  Mean 
Standard  Deviation 
Maximum'  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


32 

l:i 

14.7 

0.8 

0.42 


FIGURE  5-23 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT- DEO AS -VAR 
BILLET 


(5-26) 


Class 
Mid -Point 

Ftu  Ksi  Frequency 


279 

3 

XXX 

281 

3 

XXX 

283 

2 

XX 

286 

5 

XXXXX 

288 

7 

XXXXXXX 

290 

4 

xxxx 

292 

6 

xxxxxx 

294 

16 

xxxxxxxxxxxxxxxx 

296 

17 

xxxxxxxxxxxxxxxxx 

298 

21 

xxxxxxxxxxxxxxxxxxxxx 

300 

42 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

303 

39 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

305 

38 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

307 

22 

xxxxxxxxxxxxxxxxxxxxxx 

309 

10 

xxxxxxxxxx 

311 

2 

XX 

313 

0 

315 

1 

X 

Number  of  Tests  238 

Arithmetic  Mean  299.8 

Standard  Deviation  6.5 

Maximum  Value  314.3 

Minimum  Value  278 . 1 

Standard  Deviation  of  the  Mean  0.42 


Class 
Mid -Point 

H>  R.A.  Frequency 


0.7 

1 

X 

2.1 

3 

XXX 

3.5 

6 

XXXXXX 

4.9 

47 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

6.3 

42 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

7.7 

30 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.1 

24 

xxxxxxxxxxxxxxxxxxxxxxxx 

10.5 

21 

xxxxxxxxxxxxxxxxxxxxx 

11.8 

16 

xxxxxxxxxxxxxxxx 

13.2 

12 

xxxxxxxxxxxx 

14.6 

9 

xxxxxxxxx 

16.0 

11 

xxxxxxxxxxx 

17.4 

2 

XX 

18.8 

1 

X 

20.2 

5 

XXXXX 

21.6 

5 

XXXXX 

23.0 

3 

XXX 

24.4 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


239 

9.2 

4.8 

23.7 

0 

0.31 


FIGURE  5-24 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  SPECIMEN  ULTIMATE  STRENGTH 
AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT- DEG AS -VAR  BILLET 


(5-27) 


Class 

Mid-Point 

FfcU  Ksi  Frequency 


280 

3 

XXX 

282 

5 

xxxxx 

285 

4 

xxxx 

286 

9 

xxxxxxxxx 

291 

6 

xxxxxx 

293 

10 

xxxxxxxxxx 

296 

8 

xxxxxxxx 

29$ 

5 

xxxxx 

302 

2 

XX 

305 

6 

xxxxxx 

307 

4 

xxxx 

310 

2 

XX 

Number  of  Tests  64 

Arithmetic  Mean  293.7 

Standard  Deviation  8.1 

Maximum  Value  308.8 

Minimum  Value  278. 1 

Standard  Deviation  of  the  Mean  1.02 


Class 

Mid-Point 

%  R.A.  Frequency 


5.2 

2 

XX 

7.0 

2 

XX 

8.7 

3 

XXX 

10.5 

15 

xxxxxxxxxxxxxxx 

12.2 

10 

xxxxxxxxxx 

14.0 

7 

xxxxxxx 

15.8 

11 

XXXXXXXXXXX 

17.5 

.2 

XX 

19.3 

3 

XXX 

21.1 

3 

XXX 

22.8 

5 

XXXXX 

24.6 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 
Standard  Deviation 


of  the  Mean 


64 

14.0 

4.7 

0.58 


FIGURE  5-25 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-DEOAS-VAR 
BILLET 


(5-28) 


Class 

Mid-Point 

Ptu  Ksl  Frequency 


291 

293 

294 
296 
298 
300 
301 
303 

305 

306 
308 
310 

312 

313 
315 


1  X 

2  XX 

3  XXX 

3  XXX 

8  XXXXXXXX 

19  xxxxxxxxxxxxxxxxxxx 

24  xxxxxxxxxxxxxxxxxxxxxxxx 

42  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

13  xxxxxxxxxxxxx 

16  xxxxxxxxxxxxxxxx 

8  XXXXXXXX 

3  XXX 

1  X 

0 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


144 

302.6 

3-7 

314.3 

290.0 

0.31 


Class 

Mid-Point 

It  R.A. _ Frequency 


10.3 
11.8 
13.2 
14.7 
16.1 
17.6 
19.1 
20.5 
22.0 

23.4 


4  XXXX 

34  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

39  xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

24  xxxxxxxxxxxxxxxxxxxxxxxx 

15  xxxxxxxxxxxxxxx 

5  XXXXX 

10  xxxxxxxxxx 

5  XXXXX 

2  XX 

3  XXX 

0 

0 

1  X 

1  X 

1  '  X 


Number  of  Tests  144 

Arithmetic  Mean  7 *6 

Standard  Deviation  3*6 

Maximum  Value  22.7 

Minimum  Value  2 . 3 

Standard  Deviation  of  the  Mean  0.30 


FIGURE  5-26 

HISTOORAMS  FOR  SMOOTH  LONGITUDINAL  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT- DBG AS -VAR 
BILLET 


(5-29) 


Class 

Mid-Point 

Ptu  Ksi  Frequency 


295 

5 

xxxxx 

297 

5 

xxxxx 

299 

11 

xxxxxxxxxxx 

301 

3 

XXX 

304 

2 

XX 

306 

3 

XXX 

308 

0 

310 

0 

312 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


30 

299.7 

3.7 

311.2 

293.9 


Class 

Mid-Point 

%  R.A. _ Frequency 


0.7 

1 

X 

2.0 

0 

3.3 

1 

X 

4.7 

6 

xxxxxx 

6.0 

10 

xxxxxxxxxx 

7.4 

5 

xxxxx 

8.7 

3 

XXX 

10.0 

4 

XXXX 

11.4 

1 

X 

Number  of  Tests  31 

Arithmetic  Mean  6.7 

Standard  Deviation  2.3 

Maximum  Value  10.7 

Minimum  Value  0 

Standard  Deviation  of  the  Mean  0.41 


FIGURE  5-27 

HISTOORAMS  FOR  SMOOTH  LONGITUDINAL  CENTER  SPECIMEN  ULTIMATE 
STRENOTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-DEOAS-VAR 
BILLET 


(5-30) 


Class 

Mid-Point 


*tu  KBi 

Frequency 

106 

1 

X 

119 

2 

XX 

132 

1 

X 

155 

10 

XXXXXXXXXX 

158 

14 

XXXXXXXXXXXXXX 

170 

19 

XXXXXXXXXXXXXXXXXXX 

183 

24 

XXXXXXXXXXXXXXXXXXXXXXXX 

196 

19 

XXXXXXXXXXXXXXXXXXX 

209 

31 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

222 

23 

XXXXXXXXXXXXXXXXXXXXXXX 

235 

36 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

248 

4l 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

261 

33 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

274 

16 

XXXXXXXXXXXXXXXX 

287 

12 

XXXXXXXXXXXX 

300 

5 

XXXXX 

312 

0 

325 

1 

X 

Number  of  Tests  288 

Arithmetic  Mean  221.9 

Standard  Deviation  40.5 

Maximum  Value  318.9 

Minimum  Value  99.4 

Standard  Deviation  of  the  Mean  2.39 


Class 

Mid-Point 

N/S  Ratio  Frequency 


408 

2 

XX 

445 

1 

X 

481 

6 

XXXXXX 

518 

10 

XXXXXXXXXX 

554 

10 

XXXXXXXXXX 

591 

15 

XXXXXXXXXXXXXXX 

627 

23 

XXXXXXXXXXXXXXXXXXXXXXX 

664 

28 

XXXXXXXXXXXXXXXXXXXXXXXXXXXX 

700 

18 

XXXXXXXXXXXXXXXXXX 

736 

23 

XXXXXXXXXXXXXXXXXXXXXXX 

773 

34 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

809 

21 

XXXXXXXXXXXXXXXXXXXXX 

846 

26 

XXXXXXXXXXXXXXXXXXXXXXXXXX 

882 

36 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

919 

12 

XXXXXXXXXXXX 

955 

15 

XXXXXXXXXXXXXXX 

992 

3 

XXX 

03 

1 

X 

Number  of  Tests  284 

Arithmetic  Mean  0.75 

Standard  Deviation  0.131 

Maximum  Value  1.01 

Minimum  Value  0 . 39 

Standard  Deviation  of  the  Mean  0.0078 


FIGURE  5-28 

HISTOORAMS  FOR  NOTCHED  SPECIMEN  ULTIMATE  STRENGTH  AND  NOTCH/SMOOTH 
STRENGTH  RATIO  —  AIR  MELT- DEGAS -VAR  BILLET 


(5-31) 


Class 
Mid -Point 


*tu  KBl 

Frequency 

106 

1 

X 

119 

2 

XX 

132 

1 

X 

146 

11 

XXXXXXXXXXX 

159 

12 

XXXXXXXXXXXX 

172 

18 

XXXXXXXXXXXXXXXXXX 

185 

21 

XXXXXXXXXXXXXXXXXXXXX 

198 

14 

XXXXXXXXXXXXXX 

212 

26 

XXXXXXXXXXXXXXXXXXXXXXXXXX 

225 

13 

XXXXXXXXXXXXX 

230 

18 

XXXXXXXXXXXXXXXXXX 

251 

20 

XXXXXXXXXXXXXXXXXXXX 

264 

15 

XXXXXXXXXXXXXXX 

278 

3 

XXX 

291 

1 

X 

176 

207.8 

39.9 

284.2 

99.4 

2.93 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


Class 

Mid-Point 


N/S  Ratio 

Frequency 

f 

.412 

3 

XXX 

.455 

2 

XX 

.499 

13 

XXXXXXXXXXXXX 

.542 

6 

XXXXXX 

.586 

18 

XXXXXXXXXXXXXXXXXX 

.630 

22 

XXXXXXXXXXXXXXXXXXXXXX 

.673 

19 

XXXXXXXXXXXXXXXXXXX 

.717 

14 

XXXXXXXXXXXXXX 

.760 

19 

XXXXXXXXXXXXXXXXXXX 

.004 

19 

XXXXXXXXXXXXXXXXXXX 

.847 

16 

XXXXXXXXXXXXXXXX 

.891 

15 

XXXXXXXXXXXXXXX 

.935 

7 

XXXXXXX 

.978 

2 

XX 

1.02 

1 

X 

Number  of  Tests  176 

Arithmetic  Mean  0.71 

Standard  Deviation  0.134 

Maximum  Value  1.00 

Minimum  Value  0.39 

Standard  Deviation  of  the  Mean  0.0101 


FIGURE  5-29 

(  HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  SPECIMEN  ULTIMATE  STRENGTH  AND 

NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-DEGAS -VAR  BILLET 


(5-32) 


Class 
Mid -Point 

?tu  Ksl  Frequency 


150 

2 

XX 

168 

1 

X 

186 

0 

204 

3 

XXX 

222 

5 

xxxxx 

239 

14 

xxxxxxxxxxxxxx 

257 

15 

xxxxxxxxxxxxxxx 

275 

7 

xxxxxxx 

293 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


48 

241.7 

30.4 

284.2 

141.0 

4.39 


Class 

Mid-Point 

N/S  Ratio  Frequency 


541 

1 

X 

602 

4 

xxxx 

663 

3 

XXX 

72S 

0 

786 

9 

XXXXXXXXX 

047 

908 

16 

XXXXXXXXXXXXXXXX 

10 

xxxxxxxxxx 

969 

.4 

xxxx 

03 

1 

X 

Number  of  Tests  48 

Arithmetic  Mean  0.82 

Standard  Deviation  0.109 

Maximum  Value  1.00 

Minimum  Value  0.51 

Standard  Deviation  of  the  Mean  0.0157 


FIGURE  5-30 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-DEGAS -VAR 
BILLET 


(5-33) 


ClABA 

Mid-Point 

Ptu  KbI  Frequency 


107 

1 

X 

122 

0 

138 

0 

153 

10 

xxxxxxxxxx 

loo 

15 

xxxxxxxxxxxxxxx 

I83 

13 

xxxxxxxxxxxxx 

198 

12 

xxxxxxxxxxxx 

214 

21 

xxxxxxxxxxxxxxxxxxxxx 

22?.. 

6 

xxxxxx 

244 

11 

xxxxxxxxxxx 

259 

6 

xxxxxx 

275 

1 

X 

Number  of  Tests  96 

Arithmetic  Mean  201.2 

Standard  Deviation  33,9 

Maximum  Value  257.1 

Minimum  Value  99.4 

Standard  Deviation  of  the  Mean  3.46 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.416 

3 

XXX 

.468 

4 

XXXX 

.520 

8 

XXXXXXXX 

.57! 

11 

XXXXXXXXXXX 

.623 

9 

XXXXXXXXX 

.675 

19 

XXXXXXXXXXXXXXXXXXX 

.727 

12 

XXXXXXXXXXXX 

.779 

13 

XXXXXXXXXXXXX 

•23° 

8 

XXXXXXXX 

.882 

•5 

XXXXX 

•934 

3 

XXX 

.986 

1 

X 

Number  of  Tests  96 

Arithmetic  Mean  0.69 

Standard  Deviation  0 . 128 

Maximum  Value  0 , 96 

Minimum  Value  0 , 39 

Standard  Deviation  of  the  Mean  0.0131 


FIGURE  5-31 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-DEOAS-VAR 
BILLET 


(5-34) 


s 


Class 

Mid-Point 

PfcU  Ksi  Frequency 


124 

2 

XX 

136 

1 

X 

149 

4 

xxxx 

l6l 

2 

XXX 

174 

6 

XXXXXX 

186 

6 

xxxxxx 

199 

5 

xxxxx 

211 

4 

xxxx 

224 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  176.6 

Standard  Deviation  26.6 

Maximum  Value  217*7 

Minimum  Value  117*5 

Standard  Deviation  of  the  Mean  4.71 


Class 
Mid- Point 

N/S  Ratio  Frequency 


501 

4 

XXXX 

542 

s 

0 

l 

XXXXXXX 

xxxxxxxx 

666 

6 

xxxxxx 

n 

2 

2 

XX 

XX 

789 

831 

2 

1 

XX 

X 

Number  of  Tests  32 

Arithmetic  Mean  0.63 

Standard  Deviation  0.080 

Maximum  Value  0.8l 

Minimum  Value  0.48 

Standard  Deviation  of  the  Mean  0.0142 


FIOURE  5-32 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENOTH  RATIO  —  AIR  MELT- DEGAS -VAR 
BILLET 


( 


(5-35) 


Class 

Mid -Point 

Ftu  Ksi  Frequency 


157 

2 

XX 

169 

0 

l8l 

3 

XXX 

193 

7 

XXXXXXX 

205 

4 

XXXX 

217 

10 

XXXXXXXXXX 

229 

12 

XXXXXXXXXXXX 

241 

18 

XXXXXXXXXXXXXXXXXX 

253 

21 

XXXXXXXXXXXXXXXXXXXXX 

265 

11 

XXXXXXXXXXX 

277 

14 

XXXXXXXXXXXXXX 

209 

5 

XXXXX 

301 

4 

XXXX 

313 

0 

325 

1 

X 

Number  of  Tests  112 

Arithmetic  Mean  244.1 

Standard  Deviation  32.4 

Maximum  Value  318.9 

Minimum  Value  151.2 

Standard  Deviation  of  the  Mean  3.06 


Class 

Mid-Point 

N/S  Ratio  Frequency 


■m 

:lt? 

.716 

.749 

.780 

.610 

.841 

.872 

.902 

■m 

.995 

1.03 


4  XXXX 

3  XXX 

6  XXXXXX 

5  XXXXX 

8  XXXXXXXX 

8  XXXXXXXX 

14  XXXXXXXXXXXXXX 

8  XXXXXXXX 

7  XXXXXXX 

13  xxxxxxxxxxxxx 

16  XXXXXXXXXXXXXXXX 

8  XXXXXXXX 

5  XXXXX 

2  XX 

1  X 


Number  of  Tests  108 

Arithmetic  Mean  0.8l 

Standard  Deviation  0.102 

Maximum  Value  1.01 

Minimum  Value  O.58 

Standard  Deviation  of  the  Mean  O.OO98 


FIGURE  5-33 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  SPECIMEN  ULTIMATE  STRENGTH 
AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT -DBG AS -VAR  BILLET 


(5-36) 


Class 

Mid-Point 

FfcU  Ksi  Frequency 


196 

1 

X 

212 

1 

X 

229 

4 

xxxx 

245 

7 

xxxxxxx 

261 

6 

xxxxxx 

278 

8 

xxxxxxxx 

294 

3 

XXX 

311 

0 

327 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Stardard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


31 

318.9 

18J& 


Class 

Mid-Point 

N/S  Ratio  Frequency 


701 

1 

X 

742 

0 

S 

4 

4 

XXXX 

xxxx 

866 

6 

xxxxxx 

907 

948 

6 

xxxxxx 

6 

xxxxxx 

989 

3 

XXX 

1.03  1  X 


Number  of  Tests  31 

Arithmetic  Mean  0.88 

Standard  Deviation  0.074 

Maximum  Value  1.01 

Minimum  Va  lue  0 . 68 

Standard  Deviation  of  the  Mean  0.0133 


FIGURE  5-34 

HIST00RAMS  FOR  NOTCHED  LONGITUDINAL  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-DEGAS -VAR 
BILLET 


(5-37) 


Class 

Mid-Point 

Ftu  Kei  Frequency 


188 

2 

XX 

203 

2 

XX 

219 

4 

XXXX 

235 

6 

xxxxxx 

25$ 

12 

xxxxxxxxxxxx 

266 

12 

xxxxxxxxxxxx 

281 

7 

xxxxxxx 

297 

2 

XX 

313 

1 

X 

Number  of  Tests 

48 

Arithmetic  Mean 

25 1.8 

Standard  Deviation 

26.6 

Maximum  Value 

304.9 

Minimum  Value 

180.0 

Standard  Deviation  of  the  Mean 

3.83 

Class 

Mid-Point 

H/3  Ratio  Frequency 


.631 

4  XXXX 

.674 

1  X 

.716 

2  XX 

.759 

3  XXX 

.601 

11  XXXXXXXXXXX 

.844 

6  XXXXXX 

.886 

l4  XXXXXXXXXXXXXX 

.929 

5  XXXXX 

.971 

1  X 

Number  of  Tests 

47  „ 

Arithmetic  Mean 

0.82 

Standard  Deviation 

0.089 

Maximum  Value 

0.95 

Minimum  Value 

0.61 

Standard  Deviation  of  the  Mean 

0.0129 

FIGURE  5-35 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-DB0A3-VAR 
BILLET 


(5-38) 


Class 

Mid-Point 

FfcU  Kel  Frequency 


160 

2 

XX 

179 

4 

xxxx 

197 

5 

xxxxx 

216 

7 

xxxxxxx 

234 

6 

xxxxxxxx 

253 

4 

xxxx 

271 

1 

X 

290 

0 

308 

1 

X 

Number  of  Teste 

32 

Arithmetic  Mean 

218.7 

Standard  Deviation 

31.9 

Maximum  Value 

299.0 

Minimum  Value 

151.2, 

Standard  Deviation  of  the  Mean 

5.64 

Class 

Mid-Point 

N/3  Ratio  Frequency 


.600 

2 

XX 

.640 

6 

XXXXXX 

.680 

3 

XXX 

.720 

7 

XXXXXXX 

.760 

.800 

6 

4 

XXXXXX 

xxxx 

.840 

0 

.880 

•0 

.920 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


29 

0.71 

0.069 


0.90 

0.58 

0.0129 


FIGURE  5-36 

HIST00RAMS  FOR  NOTCHED  LONGITUDINAL  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT- DBG  AS -VAR 
BILLET 


(5-39) 


SECTION  3 

HISTOGRAMS  FOR  AIR  MELT -DOUBLE  VACUUM  ARC 
REMELT  H-ll  STEEL  HEAT  NO.  W-24341-2 


(5-40) 


Class 
Mid- Point 

Ftu  Ksl  Frequency 


192 

199 

205 

212 

219 

225 

232 

239 

245 

252 

259 

265 

272 

279 

285 

292 

299 

305 

312 

319 

325 


1  X 

0 
0 
0 
0 

1  X 

1  X 

1  X 

1  X 

4  XXXX 

1  X 

10  XXXXXXXXXX 

14  XXXXXXXXXXXXXX 

30  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

79  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

140  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-^ 

193  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

119  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

35  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

7  XXXXXXX 

1  X 


Number  of  Tests  638 

Arithmetic  Mean  294.7 

Standard  Deviation  12.3 

Maximum  Value  322.0 

Minimum  Value  188 . 5 

Standard  Deviation  of  the  Mean  0.49 


Class 

Mid-Point 

%  R.A, _ Frequency 


0.6 

20 

xxxxxxxxxxxxxxxxxxxx 

1.8 

71 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx— 

3.0 

124 

xxxxxxxx  -xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

4.2 

144 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

5.4 

92 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx— 

6.6 

59 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx— 

7.8 

26 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

9.0 

34 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

10.2 

20 

xxxxxxxxxxxxxxxxxxxx 

11.4 

11 

xxxxxxxxxxx 

12.7 

11 

xxxxxxxxxxx 

13.9 

3 

XXX 

15.1 

7 

XXXXXXX 

16.3 

2 

XX 

17.5 

2 

XX 

18.7 

6 

XXXXXX 

19.9 

2 

XX 

21.1 

0 

22.3 

1 

X 

2?. 5 

0 

24.7 

1 

X 

Number  of  Tests  636 

Arithmetic  Mean  5.4 

Standard  Deviation  3.5 

Maximum  Value  24.1 

Minimum  Value  0 

Standard  Deviation  of  the  Mean  O.I38 


FIGURE  5-37 

HISTOGRAMS  FOR  SMOOTH  SPECIMEN  ULTIMATE  STRENGTH  AND  PER  CENT 
REDUCTION  IN  AREA  —  AIR  MELT-DOUBLE  VAR  BILLET 


(5-41) 


Class 
Mid- Point 


?tu  Koi 

Frequency 

192 

1 

X 

200 

0 

207 

0 

215 

0 

223 

1 

X 

230 

1 

X 

238 

0 

245 

1 

X 

253 

4 

xxxx 

260 

3 

XXX 

268 

11 

xxxxxxxxxxx 

275 

27 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

263 

54 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

291 

107 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

298 

135 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

306 

42 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

313 

10 

xxxxxxxxxx 

321 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


398 

291.3 

12.8 

317.1 

188.5 

0.64 


Class 

Mid-Point 

#  R.A.  Frequency 


0.4 

5 

xxxxx 

1.2 

21 

XXXXXXXXXXXXXXXXXXXXX 

2.0 

48 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

2.8 

77 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-— 

3.6 

76 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX— 

4.3 

66 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

5.1 

47 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

5.9 

22 

XXXXXXXXXXXXXXXXXXXXXX 

6.7 

13 

XXXXXXXXXXXXX 

7.5 

6 

XXXXXX 

6.3 

5 

XXXXX 

9.1 

3 

XXX 

9.9 

2 

XX 

10.6 

0 

11.4 

2 

XX 

12.2 

0 

13.0 

2 

XX 

13.8 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


1.9 

13.4 

0 

0.098 


FIGURE  5-38 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  SPECIMEN  ULTIMATE  STRENGTH  AND 
PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-DOUBLE  VAR  BILLET 


(5-42) 


Class 
Mid- Point 


ptu  Kfll 

Frequency 

193 

1 

X 

202 

0 

211 

0 

219 

0 

226 

1 

X 

237 

0 

246 

0 

HI 

2 

5 

XX 

XXXXX 

273 

5 

XXXXX 

201 

19 

XXXXXXXXXXXXXXXXXXX 

290 

39 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

299 

63 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXJfXXXXXXXXXXXXXXXXXXXXXX 

308 

0 

XXXXXXXX 

317 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


144 

290.7 

14.3 

3if-5 

188.5 

1.19 


Class 
Mid -Point 

%  R.A,  Frequency 


1:3 

7 

xxxxxxx 

2:2 

16 

xxxxxxxxxxxxxxxx 

3.1 

24 

xxxxxxxxxxxxxxxxxxxxxxxx 

4.0 

30 

xxxxxxxxxxxxxxxxxxxxxxxxxXxxxx 

4.9 

23 

xxxxxxxxxxxxxxxxxxxxxxx 

5.8 

13 

xxxxxxxxxxxxx 

r.7 

12 

xxxxxxxxxxxx 

7.6 

4 

xxxx 

8.5 

5 

XXXXX 

9.4 

2 

XX 

10.2 

2 

XX 

11.1 

2 

XX 

12.0 

0 

1-2.9 

2 

XX 

13.8 

1 

X 

Number  of  Tests  143 

Arithmetic  Mean  4.6 

Standard  Deviation  2.4 

Maximum  Value  13.4 

Minimum  Value  0.8 

Standard  Deviation  of  the  Mean  0.20 


FIGURE  5-39 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-DOUBLE  VAR 
BILLET 


(5-43) 


Class 

Mid -Point 

*tu  K8i 

Frequency 

225 

1 

X 

231 

0 

236 

0 

242 

0 

248 

1 

X 

253 

0 

259 

0 

264 

4 

xxxx 

270 

5 

xxxxx 

275 

11 

xxxxxxxxxxx 

281 

15 

xxxxxxxxxxxxxxx 

286 

44 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

292 

40 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

298 

61 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

303 

17 

xxxxxxxxxxxxxxxxx 

309 

18 

xxxxxxxxxxxxxxxxxx 

314 

5 

xxxxx 

320 

1 

x 

Humber  of  Tests  223 

Arithmetic  Mean  292.1 

Standard  Deviation  11.7 

Maximum  Value  317.1 

Minimum  Value  222.5 

Standard  Deviation  of  the  Mean  0.78 


Class 

Mid-Point 

#  R»A. _ Frequency 


0.3 

3 

XXX 

0.8 

4 

xxxx 

1.3 

9 

xxxxxxxxx 

1.8 

15 

xxxxxxxxxxxxxxx 

2.4 

20 

xxxxxxxxxxxxxxxxxxxx 

2.9 

41 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

3.4 

21 

xxxxxxxxxxxxxxxxxxxxx 

3.9 

28 

xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

4.5 

35 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

5.0 

16 

xxxxxxxxxxxxxxxx 

5.5 

12 

xxxxxxxxxxxx 

6.0 

8 

XXXXXXXX 

6.5 

3 

XXX 

7.1 

6 

xxxxxx 

7.6 

0 

8.1 

0 

8.6 

0 

9.2 

1 

X 

Number  of  Tests 

222 

Arithmetic  Mean 

3.7 

Standard  Deviation 

1.5 

Maximum  Value 

8.9 

Minimum  Value 

0 

Standard  Deviation  of  the  Mean 

0.997 

FIGURE  5-40 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-DOUBLE  VAR 
BILLET 


(5-44) 


Class 

Mid-Point 

Ffcu  Ksi  Frequency 


253 

2 

XX 

260 

0 

267 

0 

274 

2 

XX 

28l 

6 

xxxxxx 

288 

4 

xxxx 

295 

8 

xxxxxxxx 

302 

8 

xxxxxxxx 

308 

1 

x 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


1 

8.9 


12.9 

305.0 

249.8 

2.32 


Class 

Mid-Point 

#  R.A,  Frequency 


0.3 

1 

X 

0.9 

3 

XXX 

1.6 

2 

XX 

2.2 

5 

XXXXX 

2.8 

6 

XXXXXX 

3.4 

3 

XXX 

4.1 

4 

XXXX 

4.7 

4 

XXXX 

5.3 

3 

XXX 

Number  of  Tests  31 

Arithmetic  Mean  3.0 

Standard  Deviation  1.4 

Maximum  Value  5.0 

Minimum  Value  0 

Standard  Deviation  of  the  Mean  0.25 


FIGURE  5-41 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-DOUBLE  VAR 
BILLET 


(5-45) 


Class 
Mid-Point 
Ffcu  Ksl 


Frequency 


238 

1 

X 

243 

0 

248 

0 

253 

0 

259 

0 

264 

1 

X 

269 

1 

X 

274 

1 

X 

279 

1 

X 

284 

6 

XXXXXX 

289 

12 

xxxxxxxxxxxx 

294 

40 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

299 

65 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX— 

304 

65 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx-* 

309 

35 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxax 

314 

9 

xxxxxxxxx 

319 

2 

XX 

325 

1 

X 

Number  of  Tests  240 

Arithmetic  Mean  300.3 

Standard  Deviation  8.9 

Maximum  Value  322.0 

Minimum  Value  235.7 

Standard  Deviation  of  the  Mean  0.57 


Class 
Mid- Point 

#  R. A. _ Frequency 


1.5 

5 

xxxxx 

2.9 

18 

xxxxxxxxxxxxxxxxxx 

4.2 

43 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

5.6 

4l 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

7.0 

34 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

8.3 

25 

xxxxxxxxxxxxxxxxxxxxxxxxx 

9.7 

22 

xxxxxxxxxxxxxxxxxxxxxx 

11.1 

16 

xxxxxxxxxxxxxxxx 

12.4 

13 

xxxxxxxxxxxxx 

13.8 

4 

xxxx 

15.2 

5 

xxxxx 

16.6 

2 

XX 

17.9 

7 

xxxxxxx 

19.3 

2 

xx 

20.7 

1 

X 

22.0 

1 

X 

23.4 

0 

24.8 

1 

x 

Number  of  Tests  240 

Arithmetic  Mean  7.8 

Standard  Deviation  4.1 

Maximum  Value  24.1 

Minimum  Value  0,8 

Standard  Deviation  of  the  Mean  0.27 


FIGURE  5-42 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  SPECIMEN  ULTIMATE  STRENGTH 
AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-DOUBLE  VAR  BILLET 


(5-46) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


284 

1 

X 

287 

3 

XXX 

289 

1 

X 

291 

2 

XX 

294 

6 

XXXXXX 

296 

7 

XXXXXXX 

298 

11 

XXXXXXXXXXX 

301 

13 

XXXXXXXXXXXXX 

303 

12 

XXXXXXXXXXXX 

305 

6 

xxxxxx 

308 

1 

X 

310 

1 

X 

Number  of  Tests 

64 

Arithmetic  Mean 

298.8 

Standard  Deviation 

5.3 

Maximum  Value 

308.8 

Minimum  T  alue 

283.0 

Standard  Deviation  of  the  Mean 

0.66 

Frequency 


Class 
Mid-Point 
%  R.A. 


2.2  3 

4.2  11 

6.3  15 

8.4  9 

10.5  6 

12.6  8 

14.7  3 

16.8  1 

18.9  5 

21.0  2 

23.1  0 

25.1  1 


XXX 

xxxxxxxxxxx 

xxxxxxxxxxxxxxx 

xxxxxxxxx 

xxxxxx 

xxxxxxxx 

XXX 

X 

xxxxx 

XX 

X 


Number  of  Tests  64 

Arithmetic  Mean  9.5 

Standard  Deviation  5.3 

Maximum  Value  24.1 

Minimum  Value  1.1 

Standard  Deviation  of  the  Mean  0.66 


FIGURE  5-43 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT-DOUBLE  VAR 
BILLET 


(5-47) 


Class 

Mid-Point 


Ftu  Ksi  Frequency 


239 

1 

X 

245 

0 

251 

0 

* 

257 

0 

263 

1 

X 

270 

0 

276 

1 

X 

282 

4 

XXXX 

288 

5 

XXXXX 

294 

22 

XXXXXXXXXXXXXXXXXXXXXX 

300 

46 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

307 

46 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

313 

13 

xxxxxxxxxxxxx 

319 

4 

XXXX 

325 

1 

X 

Number  of  Tests 

144 

Arithmetic  Mean 

301.4 

Standard  Deviation 

10.0 

Maximum  Value 

322.0 

Minimum  Value 

235.7 

Standard  Deviation  of  the  Mean 

0.84 

Class 

Mid-Point 

#  R.A. 

Frequency 

1.5  3  XXX 

2.8  8  XXXXXXXX 


4.1 

33 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

5.4 

21 

xxxxxxxxxxxxxxxxxxxxx 

6.7 

24 

xxxxxxxxxxxxxxxxxxxxxxxx 

8.0 

15 

xxxxxxxxxxxxxxx 

9.3 

10 

xxxxxxxxxx 

10.7 

13 

xxxxxxxxxxxxx 

12.0 

4 

XXXX 

13.3 

4 

XXXX 

14.6 

4 

XXXX 

15.9 

1 

X 

17.2 

2 

XX 

18.5 

1 

X 

19.9 

1 

X 

Number  of  Tests  144 

Arithmetic  Mean  7.2 

Standard  Deviation  3.6 

Maximum  Value  19.2 

Minimum  Value  0.8 

Standard  Deviation  of  the  Mean  0.30 


FIGURE  5-44 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  AIR  MELT- DOUBT E  VAR 
BILLET 


(5-48) 


Class 

Mid-Point 

P^u  Ksi  Frequency 


273 

1 

X 

278 

1 

X 

284 

0 

290 

1 

X 

295 

12 

XXXXXXXXXXXX 

301 

10 

XXXXXXXXXX 

307 

5 

xxxxx 

312 

1 

X 

318 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  298.6 

Standard  Deviation  8.4 

Maximum  Value  315.0 

Minimum  Value  270.0 

Standard  Deviation  of  the  Mean  1.48 


Class 

Mid-Point 

#  R.A. _ Frequency 


3.3 

1 

X 

4.4 

9 

xxxxxxxxx 

5.8 

4 

xxxx 

6.7 

5 

xxxxx 

7.9 

3 

xxx 

9.0 

6 

xxxxxx 

10.2 

2 

XX 

11.3 

1 

X 

12.5 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  6.7 

Standard  Deviation  2.4 

Maximum  Value  11.9 

Minimum  Value  2.7 

Standard  Deviation  of  the  Mean  0.42 


FIGURE  5-45 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  --  AIR  MELT-DOUBLE  VAR 
BILLET 


(5-49) 


Class 
Mid- Point 

FfcU  Ksi  Prequenoy 


107 

3 

119 

3 

m 

5 

142 

1 

154 

9 

166 

10 

170 

13 

169 

17 

201 

17 

21? 

16 

224 

29 

236 

47 

24$ 

40 

260 

31 

271 

26 

283 

13 

295 

7 

307 

1 

XXX 

XXX 

XXXXX 

X 

XXXXXXXXX 

XXXXXXXXXX 

xxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxx 

xxxxxxx 

X 


Number  of  Tests  288 

Arithmetic  Mean  227.5 

Standard  Deviation  40.6 

Maximum  Value  300. f 

Minimum  Value  101,3 

Standard  Deviation  of  the  Mean  2.39 


Class 
Mid -Point 

N/S  Ratio  Frequency 


.383 

.430 

5 

XXXXX 

5 

XXXXX 

.476 

2 

XX 

.523 

9 

XXXXXXXXX 

.5C9 

14 

XXXXXXXXXXXXXX 

.616 

9 

XXXXXXXXX 

.662 

20 

XXXXXXXXXXXXXXXXXXXX 

.709 

.755 

.801 

25 

3 

XXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.848 

50 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.894 

28 

XXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.941 

27 

XXXXXXXXXXXXXXXXXXXXXXXXXXX 

.987 

6 

XXXXXX 

1.03 

0 

1.08 

2 

XX 

1.13 

0 

1.17 

1 

X 

Number  of  Tests  287 

Arithmetic  Mean  O.77 

Standard  Deviation  0.137 

Maximum  Value  1.15 

Minimum  Value  O.36 

Standard  Deviation  of  the  Mean  0,0081 


FIGURE  5-46 

HISTOGRAMS  FOR  NOTCHED  SPECIMEN  ULTIMATE  STRENGTH  AND  NOTCH/SMOOTH 
STRENGTH  RATIO  —  AIR  MELT-DOUBLE  VAR  BILLET 


{5-50) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


108 

5 

xxxxx 

122 

2 

XX 

135 

4 

XXXX 

149 

7 

XXXXXXX 

163 

8 

XXXXXXXX 

176 

15 

XXXXXXXXXXXXXXX 

190 

16 

XXXXXXXXXXXXXXXX 

204 

17 

XXXXXXXXXXXXXXXXX 

217 

17 

XXXXXXXXXXXXXXXXX 

231 

27 

XXXXXXXXXXXXXXXXXXXXXXXXXXX 

245' 

26 

XXXXXXXXXXXXXXXXXXXXXXXXXX 

258 

17 

XXXXXXXXXXXXXXXXX 

272 

11 

xxxxxxxxxxx 

285 

3 

XXX 

299 

1 

X 

Number  of  Tests  176 

Arithmetic  Mean  213.6 

Standard  Deviation  41.5 

Maximum  Value  292.3 

Minimum  Value  101.3 

Standard  Deviation  of  the  Mean  3.13 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.388 

5 

XXXXX 

.445 

6 

xxxxxx 

.501 

3 

XXX 

.557 

13 

xxxxxxxxxxxxx 

.614 

17 

XXXXXXXXXXXXXXXXX 

.670 

19 

XXXXXXXXXXXXXXXXXXX 

.727 

22 

XXXXXXXXXXXXXXXXXXXXXX 

.783 

34 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.840 

22 

XXXXXXXXXXXXXXXXXXXXXX 

.896 

21 

XXXXXXXXXXXXXXXXXXXXX 

.952 

11 

XXXXXXXXXXX 

1.01 

0 

1.07 

1 

X 

1.12 

0 

1.18 

1 

X 

Number  of  Tests  175 

Arithmetic  Mean  0.74 

Standard  Deviation  0.146 

Maximum  Value  1.15 

Minimum  Value  O.36 

Standard  Deviation  of  the  Mean  0.0110 


FIGURE  5-47 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  SPECIMEN  ULTIMATE  STRENGTH 
AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-DOUBLE  VAR  BILLET 


(5-51) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


184 

3 

XXX 

198 

3 

XXX 

213 

4 

XXXX 

227 

10 

XXXXXXXXXX 

242 

12 

XXXXXXXXXXXX 

256 

12 

XXXXXXXXXXXX 

271 

2 

XX 

285 

1 

X 

300 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


48 

235.8 
25.1 

292.3 

176.8 
3.62 


Class 
Mid -Point 

N/S  Ratio  Frequency 


619 

2 

XX 

678 

3 

XXX 

737 

7 

xxxxxxx 

796 

654 

12 

XXXXXXXXXXXX 

17 

XXXXXXXXXXXXXXXXX 

913 

2 

XX 

972 

4 

XXXX 

03 

0 

09 

1 

X 

Number  of  Tests  48 

Arithmetic  Mean  0.8l 

Standard  Deviation  0.090 

Maximum  Value  1.06 

Minimum  Value  0.59 

Standard  Deviation  of  the  Mean  0.0130 


FIGURE  5-48 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  --  AIR  MELT -DOUBLE  VAR 
BILLET 


(5-52) 


Class 

Mid-Point 


Ftu  Ksl 

Frequency 

121 

4 

XXXX 

137 

1 

X 

152 

5 

XXXXX 

167 

6 

XXXXXX 

183 

14 

xxxxxxxxxxxxxx 

198 

12 

xxxxxxxxxxxx 

214 

8 

xxxxxxxx 

229 

14 

xxxxxxxxxxxxxx 

244 

14 

xxxxxxxxxxxxxx 

260 

8 

xxxxxxxx 

275 

9 

xxxxxxxxx 

291 

1 

X 

Number  of  Tests  96 

Arithmetic  Mean  213.2 

Standard  Deviation  41.2 

Maximum  Value  282.9 

Minimum  Value  113.4 

Standard  Deviation  of  the  Mean  4.20 


Class 

!  Mid- Point 

N/S  Kutlo  Frequency 


.405 

4 

.476 

2 

11 

8 

16 

.689 

14 

.760 

20 

.831 

13 

.902 

13 

.973 

5 

1.04 

0 

1.11 

0 

1.19 

1 

xxxx 

XX 

xxxxxxxx 

xxxxxxxxxxxxxxxx 

xxxxxxxxxxxxxx 

xxxxxxxxxxxxxxxxxxxx 

xxxxxxxxxxxxx 

xxxxxxxxxxxxx 

xxxxx 


X 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


96 

0.73 

0.146 


1.15 

0.37 

0.0149 


FIGURE  5-49 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-DOUBLE  VAR 
BILLET 


(5-53) 


Class 
Mid -Point 

Ftu  Ksl  Frequency- 


111 

3 

XXX 

131 

3 

XXX 

151 

4 

xxxx 

17} 

5 

xxxxx 

191 

7 

xxxxxxx 

211 

4 

xxxx 

231 

3 

XXX 

251 

2 

XX 

271 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  182.0 

Standard  Deviation  42.2 

Maximum  Value  260.8 

Minimum  Value  101.3 

Standard  Deviation  of  the  Mean  7»46 


Class 

Mid-Point 

N/S  Ratio  Frequency 


395 

3 

XXX 

465 

3 

XXX 

535 

3 

XXX 

605 

5 

XXXXX 

675 

7 

XXXXXXX 

745 

5 

XXXXX 

815 

4 

XXXX 

885 

0 

955 

1 

X 

Number  of  Tests  31 

Arithmetic  Mean  0.63 

Standard  Deviation  0.147 

Maximum  Value  0.92 

Minimum  Value  0.36 

Standard  Deviation  of  the  Mean  0.0264 


FIGURE  5-50 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENOTH  RATIO  —  AIR  MELT-DOUBLE  VAR 
BILLET 


(5-54) 


Class 

Mid-Point 

Ftu  Ksl  Frequency 


159 

2 

XX 

169 

0 

180 

1 

X 

190 

2 

XX 

201 

1 

X 

211 

4 

xxxx 

222 

9 

xxxxxxxxx 

232 

13 

xxxxxxxxxxxxx 

243 

19 

xxxxxxxxxxxxxxxxxxx 

253 

17 

xxxxxxxxxxxxxxxxx 

264 

18 

xxxxxxxxxxxxxxxxxx 

274 

12 

xxxxxxxxxxxx 

285 

10 

xxxxxxxxxx 

295 

3 

XXX 

306 

1 

X 

Number  of  Tests  112 

Arithmetic  Mean  249.4 

Standard  Deviation  27*4 

Maximum  Value  300.7 

Minimum  Value  153.3 

Standard  Deviation  of  the  Mean  2.59 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.521 

1 

X 

.564 

1 

X 

.607 

1 

X 

.650 

1 

X 

.693 

5 

XXXXX 

.736 

11 

XXXXXXXXXXX 

.779 

.821 

21 

XXXXXXXXXXXXXXXXXXXXX 

22 

XXXXXXXXXXXXXXXXXXXXXX 

.864 

14 

XXXXXXXXXXXXXX 

.907 

16 

XXXXXXXXXXXXXXXX 

.950 

14 

XXXXXXXXXXXXXX 

.993 

1.04 

1.08 

4 

0 

0 

XXXX 

1.12 

1 

X 

Number  of  Tests  112 

Arithmetic  Mean  O.83 

Standard  Deviation  0.095 

Maximum  Value  1.10 

Minimum  Value  0.50 

Standard  Deviation  of  the  Mean  0.0090 


FIGURE  5*51 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  SPECIMEN  ULTIMATE  STRENGTH 
AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-DOUBLE  VAR  BILLET 


(5-55) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


217 

4 

xxxx 

228 

3 

XXX 

238 

2 

XX 

249 

5 

XXXXX 

259 

4 

xxxx 

270 

7 

xxxxxxx 

281 

2 

XX 

291 

4 

XXXX 

302 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  257.0 

Standard  Deviation  24.0 

Maxiii'im  Value  296.3 

Minimum  Value  212.1 

Standard  Deviation  of  the  Mean  4.24 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.753 

5 

XXXXX 

.799 

6 

XXXXXX 

.846 

5 

XXXXX 

.892 

7 

XXXXXXX 

.938 

6 

XXXXXX 

.984 

2 

XX 

1.03 

0 

1.08 

0 

1.12 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


32 

0.86 

0.087 

1.10 

0.73 

0.0154 


FIGURE  5-52 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  --  AIR  MELT-DOUBLE  VAR 
BILLET 


(5-56) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


if3 

181 

1 

0 

X 

199 

1 

X 

218 

1 

X 

236 

13 

XXXXXXXXXXXXX 

255- 

16 

XXXXXXXXXXXXXXXX 

273 

10 

XXXXXXXXXX 

291 

5 

XXXXX 

310 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


48 

255.0 

25.0 

300.7 

153.3 

3.61 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.532 

.596 

.659 

1 

0 

0 

X 

.723 

2 

XX 

.787 

.851 

14 

XXXXXXXXXXXXXX 

16 

XXXXXXXXXXXXXXXX 

.914 

7 

xxxxxxx 

.976 

6 

xxxxxx 

.04 

2 

XX 

Number  of  Tests  48 

Arithmetic  Mean  O.85 

Standard  Deviation  0.0o9 

Maximum  Value  1,01 

Minimum  Value  0.50 

Standard  Deviation  of  the  Mean  0.0129 


FIGURE  5-53 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-DOUBLE  VAR 
BILLET 


( 


(5-57) 


Class 

Mid-Point 

Ftu  Ksi  Frequency- 


170 

1 

X 

186 

3 

XXX 

202 

1 

X 

218 

6 

XXXXXX 

234 

9 

XXXXXXXXX 

250 

4 

XXXX 

266 

7 

XXXXXXX 

282 

0 

297 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  233.3 

Standard  Deviation  28.1 

Maximum  Value  289.5 

Minimum  Value  162.1 

Standard  Deviation  of  the  Mean  4.96 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.576 

1 

X 

.629 

2 

XX 

.681 

3 

XXX 

.734 

6 

XXXXXX 

.786 

9 

XXXXXXXXX 

.639 

3 

XXX 

.891 

7 

XXXXXXX 

.944 

0 

.996 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


32  o 

0.78 

0.093 

0.97 

0.55 

O.OI63 


FIGURE  5-54 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  AIR  MELT-DOUBLE  VAR 
BILLET 


(5-58) 


SECTION  4 

HISTOGRAMS  FOR  VACUUM  INDUCTION  MELT-VACUUM 
ARC  REMELT  H-ll  STEEL  HEAT  NO.  W-24403-1 


(5-59) 


Class 
Mid -Point 

Ftu  Ksi  Frequency 


259 

262 

265 

268 

271 

274 

277 

281 

284 

287 

290 

293 

296 

299 

302 

306 

209 

312 

315 

318 

321 


1  X 

0 
0 

1  x 

0 

1  X 

1  X 

4  XXXX 

13  XXXXXXXXXXXXX 

29  XXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

131  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

172  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX— 

163  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX— 

83  XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX— > 

20  XXXXXXXXXXXXXXXXXXXX 

9  XXXXXXXXX 

10  XXXXXXXXXX 

0 
0 

1  X 

1  X 


Number  of  Tests  640 

Arithmetic  Mean  294.2 

Standard  Deviation  5.2 

Maximum  Value  319.7 

Minimum  Value  257.1 

Standard  Deviation  of  the  Mean  0.21 


Class 


Mid-Point 


*  R.A. 

Frequency 

2.0 

1 

X 

3.3 

14 

xxxxxxxxxxxxxx 

4.6 

11 

xxxxxxxxxxx 

5.8 

19 

xxxxxxxxxxxxxxxxxxx 

7.1 

28 

xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

0.3 

46 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

9.6 

55 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

10.8 

52 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

12.1 

77 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx— 

13.4 

69 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx— 

14.6 

61 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

15.9 

45 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

17.1 

51 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

l8.4 

4l 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

19.7 

32 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

20.9 

16 

xxxxxxxxxxxxxxxx 

22.2 

8 

xxxxxxxx 

23.4 

7 

xxxxxxx 

24.7 

2 

XX 

26.0 

4 

XXXX 

27.2 

1 

X 

Number  of  Tests  640 

Arithmetic  Mean  13.2 

Standard  Deviation  4,63 

Maximum  Value  26.6 

Minimum  Value  1 , 4 

Standard  Deviation  of  the  Mean  O.I83 


FIGURE  5-55 

HISTOGRAMS  FOR  SMOOTH  SPECIMEN  ULTIMATE  STRENGTH  AND  PER  CENT 
REDUCTION  IN  AREA  —  VACUUM  INDUCTION  MELT-VAR  BILLET 


{5-60) 


Class 
Mid -Point 

Ftu  Ksl  Frequency 


259 

1 

X 

262 

0 

265 

0 

268 

1 

X 

271 

0 

274 

1 

X 

277 

281 

1 

2 

X 

XX 

284 

7 

XXXXXXX 

287 

19 

XXXXXXXXXXXXXXXXXXX 

290 

91 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX— 

293 

108 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

296 

101 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX-* 

299 

48 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

302 

13 

XXXXXXXXXXXXX 

306 

4 

XXXX 

309 

1 

X 

312 

0 

315 

0 

318 

1 

X 

321 

1 

X 

Number  of  Tests  400 

Arithmetic  Mean  293.7 

Standard  Deviation  5.20 

Maximum  Value  319.7 

Minimum  Value  257.1 

Standard  Deviation  of  the  Mean  0,260 


Class 
Mid- Point 

%  R.A, _ Frequency 


2.0 

1 

X 

3.2 

10 

XXXXXXXXXX 

4.5 

14 

XXXXXXXXXXXXXX 

5.7 

13 

XXXXXXXXXXXXX 

6.9 

19 

XXXXXXXXXXXXXXXXXXX 

8.1 

23 

XXXXXXXXXXXXXXXXXXXXXXX 

9.3 

31 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

10.5 

31 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

11.8 

36 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

13.0 

38 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

14.2 

40 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

15.4 

33 

'Xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

16.6 

28 

xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

17.9 

36 

XXXXXXXXXXXXXXX XX XXXXXXXXXXXXXXXXXXX 

19.1 

19 

XXXXXXXXXXXXXXXXXXX 

20.3 

16 

XXXXXXXXXXXXXXXX 

21.5 

4 

XXXX 

22.7 

3 

XXX 

24.0 

3 

XXX 

25.2 

1 

X 

26.4 

1 

X 

Number  of  Tests  400 

Arithmetic  Mean  12.9 

Standard  Deviation  4.74 

Maximum  Value  25.0 

Minimum  Value  1.4 

Standard  Deviation  of  the  Mean  0.237 


FIGURE  5-36 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  SPECIMEN  ULTIMATE  STRENGTH 
AND  PER  CENT  REDUCTION  IN  AREA  —  VACUUM  INDUCTION  MELT-VAR 
BILLET 


(5-61) 


Class 

Mid-Point 

Ptu  Ksi  Frequency 


112 

1 

0 

268 

1 

273 

1 

277 

1 

232 

2 

286 

8 

291 

44 

295 

58 

300 

18 

304 

8 

309 

0 

313 

0 

317 

1 

322 

1 

X 

X 

X 

X 

XX 

XXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXAXXXXXXXXXXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXXXXX 

XXXXXXXX 


X 

X 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation’ 

Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


144 

293.7 
6,94 

319.7 
257.1 

O.5S 


Class 
Mid -Point 

%  R,A.  Frequency 


2.3 

4 

xxxx 

4.0 

6 

xxxxxx 

5.8 

9 

xxxxxxxxx 

7.5 

13 

xxxxxxxxxxxxx 

9.2 

11 

xxxxxxxxxxx 

11.0 

11 

xxxxxxxxxxx 

12.7 

16 

xxxxxxxxxxxxxxxx 

14.5 

15 

xxxxxxxxxxxxxxx 

16.2 

15 

xxxxxxxxxxxxxxx 

18.0 

13 

xxxxxxxxxxxxx 

19.7 

i4 

xxxxxxxxxxxxxx 

21.4 

11 

xxxxxxxxxxx 

23.2 

3 

XXX 

24.9 

2 

XX 

26.7 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


144 

13.6 

5.67 

25.8 

1.4 

0.473 


FIGURE  5-57 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  VACUUM  INDUCTION 
MELT-VAR  BILLET 


(5-62) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


281 

1 

X 

283 

1 

X 

285 

1 

X 

286 

2 

XX 

288 

9 

XXXXXXXXX 

289 

18 

XXXXXXXXXXXXXXXXXX 

291 

26 

XXXXXXXXXXXXXXXXXXXXXXXXXX 

293 

35 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

294 

26 

XXXXXXXXXXXXXXXXXXXXXXXXXX 

296 

46 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

297 

19 

XXXXXXXXXXXXXXXXXXX 

299 

25 

XXXXXXXXXXXXXXXXXXXXXXXXX 

300 

7 

xxxxxxx 

302 

5 

xxxxx 

304 

305 

2 

0 

XX 

307 

308 

0 

1 

X 

Number  of  Tests  224 

Arithmetic  Mean  294.3 

Standard  Deviation  3.84 

Maximum  Value  307.5 

Minimum  Value  280.7 

Standard  Deviation  of  the  Mean  0.26 


Class 

Mid-Point 

%  R.A, _ Frequency 


3.2 

4 

xxxx 

4.2 

1 

X 

5.3 

3 

XXX 

6.3 

10 

XXXXXXXXXX 

7.3 

9 

XXXXXXXXX 

8.4 

6 

XXXXXX 

9.4 

20 

XXXXXXXXXXXXXXXXXXXX 

10.4 

14 

xxxxxxxxxxxxxx 

11.4 

20 

XXXXXXXXXXXXXXXXXXXX 

12.5 

12 

XXXXXXXXXXXX 

13.5 

24 

XXXXXXXXXXXXXXXXXXXXXXXX 

14.5 

23 

XXXXXXXXXXXXXXXXXXXXXXX 

15.6 

16 

XXXXXXXXXXXXXXXX 

16.6 

23 

XXXXXXXXXXXXXXXXXXXXXXX 

17.6 

25 

XXXXXXXXXXXXXXXXXXXXXXXXX 

18.7 

5 

XXXXX 

19.7 

7 

xxxxxxx 

20.7 

2 

XX 

Number  of  Tests  224 

Arithmetic  Mean  13.0 

Standard  Deviation  3.98 

Maximum  Value  20.2 

Minimum  Value  2.7 

Standard  Deviation  of  the  Mean  0.266 


FIGURE  5*58 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  --  VACUUM  INDUCTION 
MELT-VAR  BILLET 


(5-63) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


284 

1 

X 

285 

1 

X 

287 

1 

X 

288 

2 

XX 

290 

7 

XXXXXXX 

291 

9 

XXXXXXXXX 

292 

9 

XXXXXXXXX 

294 

1 

X 

295 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  290.3 

Standard  Deviation  2.22 

Maximum  Value  294.2 

Minimum  Value  283.4 

Standard  Deviation  of  the  Mean  0.39 


Class 

Mid-Point 

%  R,Af _ Frequency 


4.2 

5 

XXXXX 

5.7 

3 

XXX 

7.2 

3 

xxx 

6,6 

5 

xxxxx 

10,1 

3 

xxx 

11.5 

5 

xxxxx 

13. Q 

5 

xxxxx 

14,5 

2 

XX 

15.9 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  9.4 

Standard  Deviation  3.53 

Maximum  Value  15.2 

Minimum  Va lue  3 . 5 

Standard  Deviation  of  the  Mean  0.623 


FIGURE  5-59 

HISTOGRAMS  FOR  SMOOTH  TRANSVERSE  CENTER  SPECIMEN  ULTIMATE 
SIWNOTH  AND  PER  CENT  REDUCTION  IN  AREA  --  VACUUM  INDUCTION 
MELT-VAR  BILLET 


(5-64) 


Class 
Mid- Point 

Ffcu  Ksi  Frequency 


282 

3 

XXX 

283 

2 

XX 

285 

6 

xxxxxx 

287 

5 

xxxxx 

289 

10 

xxxxxxxxxx 

290 

27 

xxxxxxxxxxxxxxxxxxxxxxxxxxx 

292 

30 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

294 

31 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

295 

35 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

297 

39 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

299 

17 

xxxxxxxxxxxxxxxxx 

300 

15 

xxxxxxxxxxxxxxx 

302 

2 

XX 

304 

6 

XXXXXX 

305 

0 

307 

6 

xxxxxx 

309 

5 

xxxxx 

310 

1 

X 

Number  of  Tests  240 

Arithmetic  Mean  294,9 

Standard  Deviation  5,2 

Maximum  Value  309.6 

Minimum  Value  281,0 

Standard  Deviation  of  the  Mean  0.33 


Class 

Mid-Point 


%  R. A. 

Frequency 

3.9 

1 

X 

5.3 

2 

XX 

6.6 

7 

XXXXXXX 

8.0 

16 

xxxxxxxxxxxxxxxx 

9.4 

29 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

10.8 

28 

xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

12.1 

35 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

13.5 

35 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

14.9 

16 

xxxxxxxxxxxxxxxx 

16.3 

13 

xxxxxxxxxxxxx 

17.7 

15 

xxxxxxxxxxxxxxx 

19.0 

20 

xxxxxxxxxxxxxxxxxxxx 

20.4 

9 

xxxxxxxxx 

21.8 

6 

xxxxxx 

23.2 

24.5 

4 

0 

xxxx 

25.9 

3 

XXX 

27.3 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


240 

13.6 

4.40 

26,6 

3.2 

0,284 


FIGURE  5-60 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  SPECIMEN  ULTIMATE  STRENGTH 
AND  PER  CENT  REDUCTION  IN  AREA  —  VACUUM  INDUCTION  MELT-VAR 
BILLET 


(5-55) 


Class 

Mid-Point 

F£U  Ksi  Frequency 


286 

2 

288 

5 

291 

6 

293 

15 

295 

11 

297 

11 

300 

6 

302 

2 

304 

2 

306 

0 

308 

3 

311 

1 

XX 

XXXXX 

xxxxxx 

xxxxxxxxxxxxxxx 

xxxxxxxxxxx 

xxxxxxxxxxx 

xxxxxx 

XX 

XX 

XXX 

X 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


64 

895.4 

5.28 

309.6 

285.0 

0.66 


Class 

Mid-Point 

%  R.A, _ Frequency 


10.4 

11.9 

4 

0 

xxxx 

13.5 

4 

xxxx 

15.$ 

7 

xxxxxxx 

16.6 

9 

xxxxxxxxx 

18.1 

13 

xxxxxxxxxxxxx 

19.6 

12 

xxxxxxxxxxxx 

21.2 

4 

xxxx 

22.7 

6 

xxxxxx 

24.3 

1 

X 

25.8 

3 

XXX 

27.4 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


64 

18.4 

3.74 

26.6 

9.6 

0.468 


FIGURE  5-61 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  SURFACE  SPECIMEN  ULTIMATE 
STRENOTH  AND  PER  CENT  REDUCTION  IN  AREA  —  VACUUM  INDUCTION 
MELT-VAR  BILLET 


(5-66) 


Class 
Mid -Point 

Ftu  Kel  Frequency 


288 

1 

X 

290 

7 

xxxxxxx 

291 

16 

xxxxxxxxxxxxxxxx 

293 

16 

xxxxxxxxxxxxxxxx 

295 

22 

xxxxxxxxxxxxxxxxxxxxxx 

296 

24 

xxxxxxxxxxxxxxxxxxxxxxxx 

297 

21 

xxxxxxxxxxxxxxxxxxxxx 

299 

13 

xxxxxxxxxxxxx 

300 

10 

xxxxxxxxxx 

302 

2 

XX 

303 

2 

XX 

305 

2 

XX 

306 

3 

XXX 

308 

4 

xxxx 

310 

1 

X 

Number  of  Tests  144 

Arithmetic  Mean  296.1 

Standard  Deviation  4.30 

Maximum  Value  308.8 

Minimum  Value  287.2 

Standard  Deviation  of  the  Mean  O.36 


Class 

Mid-Point 

%  R.A. _ Frequency 


3.9 

1 

X 

5.2 

2 

XX 

6.5 

4 

xxxx 

7.8 

10 

xxxxxxxxxx 

9.2 

20 

xxxxxxxxxxxxxxxxxxxx 

10.? 

23 

xxxxxxxxxxxxxxxxxxxxxxx 

11.8 

21 

xxxxxxxxxxxxxxxxxxxxx 

13.1 

25 

xxxxxxxxxxxxxxxxxxxxxxxxx 

14.4 

13 

xxxxxxxxxxxxx 

15.8 

12 

xxxxxxxxxxxx 

17.1 

5 

xxxxx 

18.4 

3 

XXX 

19.7 

2 

XX 

21.0 

2 

XX 

22.4 

1 

X 

Number  of  Tests  144 

Arithmetic  Mean  12.1 

Standard  Deviation  3.34 

Maximum  Value  21.7 

Minimum  Value  3.2 

Standard  Deviation  of  the  Mean  O.278 


FIGURE  5-62 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  ~  VACUUM  INDUCTION 
MELT-VAR  BILLET 


(5-67) 


«•**#.  -J-MfTT- 


Class 
Mid-Point 
Ptu  K8i 

Frequency 

282 

3 

XXX 

284 

3 

XXX 

286 

4 

xxxx 

287 

3 

XXX 

289 

7 

xxxxxxx 

291 

9 

xxxxxxxxx 

293 

1 

X 

295 

1 

X 

297 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  288.4 

Standard  Deviation  3.62 

Maximum  Value  295*7 

Minimum  Value  2&1.0 

Standard  Deviation  of  the  Mean  0.64 


Class 

Mid-Point 


%  R.  A, _ Frequency 


7.1 

1 

X 

8.1 

3 

XXX 

9.1 

4 

xxxx 

10.1 

6 

xxxxxx 

11.0 

5 

xxxxx 

12.0 

5 

xxxxx 

13.0 

3 

XXX 

14.0 

4 

XXXX 

15.0 

1 

X 

Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


32 

11.0 

2.05 

14.5 

6.6 

0.362 


FIGURE  5-63 

HISTOGRAMS  FOR  SMOOTH  LONGITUDINAL  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  PER  CENT  REDUCTION  IN  AREA  —  VACUUM  INDUCTION 
MELT-VAR  BILLET 


i 


( 


(5-68) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


147 

1 

X 

150 

2 

XX 

168 

3 

XXX 

17? 

2 

XX 

189 

6 

xxxxxx 

199 

10 

xxxxxxxxxx 

210 

22 

xxxxxxxxxxxxxxxxxxxxxx 

220 

42 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

231 

34 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

241 

32 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

252 

36 

xxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxxx 

262 

28 

xxxxxxxxxxxxxxxxxxxxxxxxxxxx 

273 

20 

xxxxxxxxxxxxxxxxxxxx 

283 

23 

xxxxxxxxxxxxxxxxxxxxxxx 

294 

10 

xxxxxxxxxx 

304 

9 

xxxxxxxxx 

315 

7 

xxxxxxx 

325 

1 

X 

Number  of  Tests  288 

Arithmetic  Mean  244.9 

Standard  Deviation  32.5 

Maximum  Value  319.9 

Minimum  Value  141.9 

Standard  Deviation  of  the  Mean  1*92 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.498 

1 

X 

.534 

2 

XX 

.570 

2 

XX 

.606 

4 

xxxx 

.641 

4 

xxxx 

.677 

12 

XXXXXXXXXXXX 

.713 

24 

XXXXXXXXXXXXXXXXXXXXXXXX 

.749 

31 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.785 

36 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.821 

32 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.857 

38 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.893 

39 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.929 

16 

XXXXXXXXXXXXXXXX 

.964 

22 

XXXXXXXXXXXXXXXXXXXXXX 

1.00 

11 

XXXXXXXXXXX 

1.04 

10 

XXXXXXXXXX 

1.07 

3 

XXX 

1.11 

1 

X 

Number  of  Tests  288 

Arithmetic  Mean  0.83 

Standard  Deviation  0.108 

Maximum  Value  1.09 

Minimum  Value  0.48 

Standard  Deviation  of  the  Mean  0.0064 


FIGURE  5-64 

HISTOGRAMS  FOR  NOTCHED  SPECIMEN  ULTIMATE  STRENGTH  AND 
NOTCH/SMOOTH  STRENGTH  RATIO  —  VACUUM  INDUCTION  MELT-VAR 
BILLET 


(5-69) 


Class 
Mid -Point 


Ftu  Ksl  Frequency 


148 

1 

X 

159 

2 

XX 

171 

4 

xxxx 

182 

2 

XX 

194 

10 

xxxxxxxxxx 

205 

11 

XXXXXXXXXXX 

217 

32 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

228 

28 

XXXXXXXXXXXXXXXXXXXXXXXXXXXX 

240 

24 

XXXXXXXXXXXXXXXXXXXXXXXX 

251 

24 

XXXXXXXXXXXXXXXXXXXXXXXX 

263 

15 

XXXXXXXXXXXXXXX 

274 

10 

XXXXXXXXXX 

286 

9 

XXXXXXXXX 

297 

3 

XXX 

309 

1 

X 

Number  of  Tests  176 

Arithmetic  Mean  .  234.8 

Standard  Deviation  29.4 

Maximum  Value  303.1 

Minimum  Value  141,9 


Standard  Deviation  of  the  Mean  2.21 


Claes 

Mid-Point 

N/S  Ratio  Frequency 


.500 

1 

X 

.540 

2 

XX 

.580 

3 

XXX 

.620 

3 

XXX 

.660 

7 

XXXXXXX 

.700 

11 

XXXXXXXXXXX 

.740 

35 

XXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXXX 

.780 

24 

XXXXXXXXXXXXXXXXXXXXXXXX 

.820 

25 

XXXXXXXXXXXXXXXXXXXXXXXXX 

.860 

24 

XXXXXXXXXXXXXXXXXXXXXXXX 

.900 

20 

XXXXXXXXXXXXXXXXXXXX 

.940 

10 

XXXXXXXXXX 

.980 

8 

XXXXXXXX 

.02 

2 

XX 

.06 

1 

X 

Number  of  Tests  176 

Arithmetic  Mean  0,80 

Standard  Deviation  0.100 

Maximum  Value  1.04 

Minimum  Value  0.48 

Standard  Deviation  of  the  Mean  0,0075 


FIGURE  5-65 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  SPECIMEN  ULTIMATE  STREN0TH 
AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  VACUUM  INDUCTION  MELT-VAR 
BILLET 


(5-70) 


Class 

Mid-Point 


*tu  Ksl 

Frequency 

.75 

1 

X 

191 

0 

207 

5 

xxxxx 

223 

7 

xxxxxxx 

239 

13 

xxxxxxxxxxxxx 

256 

7 

xxxxxxx 

272 

8 

xxxxxxxx 

268 

6 

xxxxxx 

304 

1 

X 

Number  of  Tests  48 

Arithmetic  Mean  246.7 

Standard  Deviation  26.9 

Maximum  Value  295.8 

Minimum  Value  167*0 

Standard  Deviation  of  the  Mean  3.88 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.597 

1 

X 

.652 

0 

.707 

7 

xxxxxxx 

.762 

7 

xxxxxxx 

.817 

8 

xxxxxxxx 

.872 

10 

xxxxxxxxxx 

.927 

10 

xxxxxxxxxx 

.982 

4 

xxxx 

.04 

1 

X 

Humber  of  Tests  48 

Arithmetic  Mean  0.84 

Standard  Deviation  0,095 

Maximum  Value  1.01 

Minimum  Value  0.57 

Standard  Deviation  of  the  Mean  0.0137 


FIGURE  5-66 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  SURFACE  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  --  VACUUM  INDUCTION 
MELT-VAR  BILLET 


(5-71) 


1 


Class 

Mid-Point 

P^u  Ksi  Frequency 


149 

1 

X 

164 

1 

X 

179 

3 

XXX 

193 

9 

XXXXXXXXX 

208 

9 

XXXXXXXXX 

223 

20 

XXXXXXXXXXXXXXXXXXXX 

237 

16 

XXXXXXXXXXXXXXXX 

252 

20 

XXXXXXXXXXXXXXXXXXXX 

266 

8 

xxxxxxxx 

281 

6 

xxxxxx 

296 

2 

XX 

310 

1 

X 

Number  of  Tests  96 

Arithmetic  Mean  233.1 

Standard  Deviation  30.1 

Maximum  Value  303.1 

Minimum  Value  141.9 

Standard  Deviation  of  the  Mean  3.07 


ClasB 
Mid- Point 


N/S  Ratio  Frequency 


.505  1  X 

.556  IX 


.607 

3 

XXX 

.658 

8 

XXXXXXXX 

.709 

13 

XXXXXXXXXXXXX 

.760 

21 

XXXXXXXXXXXXXXXXXXXXX 

.811 

14 

XXXXXXXXXXXXXX 

.862 

18 

XXXXXXXXXXXXXXXXXX 

Si 

8 

XXXXXXXX 

6 

XXXXXX 

.01 

2 

XX 

.07 

1 

X 

Number  of  TeBts  96 

Arithmetic  Mean  0.79 

Standard  Deviation  0.102 

Maximum  Value  1.04 

Minimum  Value  0.48 

Standard  Deviation  of  the  Mean  0.0104 


FIGURE  5-67 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  VACUUM  INDUCTION 
MELT-VAR  BILLET 


(5-72) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


168 

3 

XXX 

183 

0 

198 

2 

XX 

213 

9 

XXXXXXXttX 

228 

9 

XXXXXXXXX 

243 

6 

XXXXXX 

258 

2 

XX 

in 

0 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  221.8 

Standard  Deviation  24.5 

Maximum  Value  280.2 

Minimum  Value  160.5 

Standard  Deviation  of  the  Mean  4.32 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.576 

3 

XXX 

.629 

0 

.681 

2 

XX 

.734 

9 

XXXXXXXXX 

.786 

11 

XXXXXXXXXXX 

.839 

5 

XXXXX 

.891 

1 

X 

.944 

0 

.996 

1 

X 

Number  of  Tests 

32 

Arithmetic  Mean 

0.76 

Standard  Deviation 

0.085 

Maximum  Value 

0.97 

Minimum  Value 

0.55 

Standard  Deviation 

0.0150 

FIGURE  5-68 

HISTOGRAMS  FOR  NOTCHED  TRANSVERSE  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  VACUUM  INDUCTION 
MELT-VAR  BILLET 


(5-73) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


191 

1 

201 

2 

210 

6 

220 

6 

229 

11 

239 

7 

248 

9 

258 

16 

267 

15 

277 

10 

287 

8 

296 

6 

306 

7 

315 

7 

325 

1 

X 

XX 

XXXXXX 

XXXXXX 

XXXXXXXXXXX 

XXXXXXX 

XXXXXXXXX 

XXXXXXXXXXXXXXXX 

XXXXXXXXXXXXXXX 

XXXXXXXXXX 

XXXXXXXX 

XXXXXX 

XXXXXXX 

XXXXXXX 

X 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


112 

260.8 

30.9 

319.9 

186.4 

2.92 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.656 

1 

.688 

3 

.720 

5 

.752 

.785 

i 

.817 

9 

.849 

11 

.881 

11 

.913 

13 

.945 

14 

.977 

8 

1.01 

8 

1.04 

6 

1.07 

3 

1.11 

1 

X 

XXX 

XXXXX 

XXXXX 

XXXXXXXXXXXXXX 

XXXXXXXXX 

XXXXXXXXXXX 

XXXXXXXXXXX 

xxxxxxxxxxxxx 

XXXXXXXXXXXXXX 

XXXXXXXX 

XXXXXXXX 

XXXXXX 

XXX 

X 


Number  of  Tests  112 

Arithmetic  Mean  0.88 

Standard  Deviation  0.101 

Maximum  Value  1.09 

Minimum  Value  0.64 

Standard  Deviation  of  the  Mean  0.0095 


FIGURE  5-69 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  SPECIMEN  ULTIMATE  STRENGTH 
AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  VACUUM  INDUCTION  MELT- VAR 
BILLET 


« 


Class 
Mid -Point 

?tu  Ksi  Frequency 


226 

1 

X 

238 

3 

XXX 

251 

3 

XXX 

264 

6 

XXXXXX 

276 

5 

XXXXX 

289 

4 

XXXX 

301 

4 

XXXX 

314 

5 

XXXXX 

326 

1 

X 

Number  of  Tests  32 

Arithmetic  Mean  278 . 9 

Standard  Deviation  26*6 

Maximum  Value  319 . 9 

Minimum  Va  lue  219.7 

Standard  Deviation  of  the  Mean  4*70 


Class 

Mid-Point 

N/S  Ratio  Frequency 


.771 

2 

XX 

.814 

2 

XX 

.856 

2 

XX 

.899 

7 

XXXXXXX 

.941 

6 

XXXXXX 

.984 

4 

XXXX 

1.03 

3 

XXX 

1.07 

5 

XXXXX 

1.11 

1 

X 

Number  of  Teats  32 

Arithmetic  Mean  0.94 

Standard  Deviation  O.O89 

Maximum  Value  1.09 

Minimum  Value  0.75 

Standard  Deviation  of  the  Mean  0.0157 


FIGURE  5-70 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  SURFACE  SPECIMEN  ULTIMATE 
STRENOTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  VACUUM  INDUCTION 
MELT-VAR  BILLET 


v 


(5-75) 


T 


Class 
Mid- Point 

Ftu  Ksl  Frequency 


195 

1 

x 

211 

6 

XXXXXX 

227 

4 

xxxx 

243 

4 

xxxx 

259 

10 

XXXXXXXXXX 

275 

9 

xxxxxxxxx 

292 

8 

XXXXXXXX 

308 

5 

XXXXX 

324 

1 

X 

Number  of  Tests 

48 

Arithmetic  Mean 

261.8 

Standard  Deviation 

31.6 

Maximum  Value 

315.8 

Minimum  Value 

186.4 

Standard  Deviation  of  the  Mean 

4.57 

Class 
Mid- Point 

N/S  Ratio  Frequency 


.666 


.  w  f  X 
.922 
.973 
1.02 
1.08 


2  XX 

5  XXXXX 

4  xxxx 

8  XXXXXXXX 

5  XXXXX 

10  XXXXXXXXXX 

7  XXXXXXX 

6  XXXXXX 

1  X 


Number  of  Tests 
Arithmetic  Mean 
Standard  Deviation 
Maximum  Value 
Minimum  Value 

Standard  Deviation  of  the  Mean 


48 

0.88 

0.104 


1.05 

0.64 

0.0151 


FIGURE  5-71 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  MID-RADIUS  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  VACUUM  INDUCTION 
MELT-VAR  BILLET 


( 


(5-76) 


Class 

Mid-Point 

Ftu  Ksi  Frequency 


211 

5 

xxxxx 

222 

5 
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HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  VACUUM  INDUCTION 
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FIGURE  5-72 

HISTOGRAMS  FOR  NOTCHED  LONGITUDINAL  CENTER  SPECIMEN  ULTIMATE 
STRENGTH  AND  NOTCH/SMOOTH  STRENGTH  RATIO  —  VACUUM  INDUCTION 
MELT-VAR  BILLET 
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APPENDIX  VI 


ARITHMETIC  MEAN  AND  RANGE 
CONTROL  CHARTS  FOR  TENSILE 
PROPERTIES  DETERMINED  FOR  EACH 
MELT  PROCESS  VARIATION 
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ARITHMETIC  MEAN  AND  RANGE 
CONTROL  CHARTS  FOR  TENSILE 
PROPERTIES  OF  AIR  MELT-VAR 
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CONTROL  CHART  FOR  YIELD  STRENGTH  OF  SMOOTH 
TRANSVERSE  TENSILE  SPECIMENS  FROM 
AIR  MELT-VAR  BILLET 
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CONTROL  CHART  FOR  PER  CENT  ELONGATION  OF 
SMOOTH  TRANSVERSE  TENSILE  SPECIMENS  FROM 
AIR  MELT-VAR  BILLET 
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FIGURE  6-34 
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FIGURE  6-35 

CONTROL  CHART  FOR  ULTIMATE  STRENGTH  OF  NOTCHED  LONGITUDINAL 
TENSILE  SPECIMENS  FROM  AIR  MELT-DOUBLE  VAR  BILLET 
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SECTION  4 

ARITHMETIC  MEAN  AND  RANGE 
CONTROL  CHARTS  FOR  TENSILE 
PROPERTIES  OF  VACUUM  INDUCTION 
MELT-VAR  HEAT  W-24403-1 
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CONTROL  CHART  FOR  YIELD  STRENGTH  OF  SMOOTH  TRANSVERSE 

TENSILE  SPECIMENS  FROM  VACUUM  INDUCTION  MELT-VAR  BILLET 
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CONTROL  CHART  FOR  ULTIMATE  STRENGTH  OF  SMOOTH  TRANSVERSE 
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CONTROL  CHART  FOR  PER  CENT  ELONGATION  OF  SMOOTH  TRANSVERSE 
TENSILE  SPECIMENS  FROM  VACUUM  INDUCTION  MELT-VAR  BILLET 
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CONTROL  CHART  FOR  YIELD  STRENGTH  OF  SMOOTH  LONGITUDINAL 
TENSILE  SPECIMENS  FROM  VACUUM  INDUCTION  MELT-VAR  BILLET 
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CONTROL  CHART  FOR  ULTIMATE  STRENGTH  OF  SMOOTH  LONGITUDINAL 
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CONTROL  CHART  FOR  PER  CENT  ELONGATION  OF  SMOOTH  LONGITUDINAL 
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CONTROL  CHART  FOR  PER  CENT  REDUCTION  IN  AREA  OF  SMOOTH 
LONGITUDINAL  TENSILE  SPECIMENS  FROM  VACUUM  INDUCTION  MELT- 
VAR  BILLET 
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FIGURE  6-45 

CONTROL  CHART  FOR  ULTIMATE  STRENGTH  OF  NOTCHED  TRANSVERSE 
TENSILE  SPECIMENS  FROM  VACUUM  INDUCTION  MELT-VAR  BILLET 
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FIGURE  6-47 

CONTROL  CHART  FOR  ULTIMATE  STRENGTH  OF  NOTCHED  LONGITUDINAL 
TENSILE  SPECIMENS  FROM  VACUUM  INDUCTION  MELT-VAR  BILLET 
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CONTROL  CHART  FOR  N/S  STRENGTH  RATIO  OF  LONGITUDINAL 
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P.0.  Box  1 

Niagara  Falls,  New  York 
ATTN:  Mr.  George  Kappelt 
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Bendix  Aviation  Corporation 
Landing  Gear 
401  Bendix  Drive 
South  Bend,  Indiana 
ATTN:  Mr.  W.  E.  Eldr-ed, 

Engineering  Manager 

The  Beryllium  Corporation 
Reading, 

Pennsylvania 

ATTN:  Mr.  Larry  Boland 

The  Boeing  Company 

Manufacturing  Research  &  Development 
Seattle  14,  Washington 
ATTN:  Mr.  M.  L.  Schuele, 

Manager 

The  Boeing  Company 

P.0.  Box  3707 

Seattle  24,  Washington 

ATTN:  Mr.  E.  E.  Bauer,  2-5000 

The  Boeing  Company 
Wichita  1, 

Kansas 

ATTN:  Mr.  Kenneth  C.  Knight, 

Librarian 

Bridgeport  Brass  Company 

P.0.  Box  244 

Ashtabula,  Ohio 

ATTN:  Mr.  H.  L.  Rubenstein 

Bridgeport  Brass  Company 
1221  Wilmington  Avenue 
Dayton  20,  Ohio 
ATTN:  Col.  0.  A.  Kinney 

Cameron  Iron  Works 
P.0.  Box  1212 
Houston,  Texas 
ATTN :  Mr .  J .  W .  Brough 

Canton  Drop  Forging  &  Manufacturing  Company 

2100  Willett  Avenue 

Canton  2,  Ohio 

ATTN:  Mr.  E.  L.  Branchler 
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Douglas  Aircraft  Company,  Inc. 

Missiles  and  Space  Systems 
Santa  Monica,  California 
ATTN*  Mr.  R.  L.  Johnson, 

Chief  Engineer 

Fansteel  Metallurgical  Corporation 
North  Chicago, 

Illinois 

ATTN:  Mr.  Harry  W.  Highwriter, 

Vice-President 

General  Dynamics  Corporation/Astronautics 
Mail  Zone  400-00 
P.0.  Box  1128 
San  Diego  12,  California 
ATTN:  Production  Engineering  Manager, 

Dept.  400-0 

General  Electric  Company 
Aircraft  Gas  Turbine  Division 
Cincinnati,  Ohio 
ATTN:  Mr.  K.  W.  Stalker, 

Manager  Manufacturing  Engineering  & 
Process  Development 

Grumman  Aircraft  Engineering  Corporation 
Bethpage,  Long  Island, 

New  York 

ATTN:  Mr.  A.  Meade 

Harvey  Machine  Company 
19200  South  Western  Avenue 
Torrance,  California 
ATTN:  Mr.  G.  A.  Moudry 

Heppenstall  Company 
Pittsburgh  1, 

Pennsylvania 

ATTN:  Mr.  H.  F.  Powders 

Manager,  Defense  Marketing 

Hughes  Aircraft  Corporation 
Culver  City, 

California 

ATTN:  Mr.  M.  S.  Harned 

Kropp  Forge  Company 
5301  West  Roosevelt  Road 
Chicago,  Illinois 
ATTN:  Mr.  Victor  Brown, 

Vice-President 
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Chambersburg  Engineering  Company 
Chambersburg, 

Pennsylvania 

ATTN:  Mr.  E.  C.  Clarke,  Jr. 

Chance  Vought  Corporation 
931^  West  Jefferson 
Dallas,  Texas 

ATTN:  Chief,  Materials  and  Processes 

Crucible  Steel  Corporation 
Oliver  Building 
Pittsburgh,  Pennsylvania 
ATTN:  Dr,  Walter  Finlay 

Curtiss -Wright  Corporation 
Metals  Processing  Division 
Buffalo,  New  York 
ATTN:  Plant  Manager 

Curtiss-Wright  Corporation 
Wood-Ridge, 

New  Jersey 

ATTN:  Mr.  H.  Hanlnk 

Defense  Metals  Information  Center 
Battelle  Memorial  Institute 
505  King  Avenue 
Columbus  1,  Ohio 
ATTN:  Mr.  R.  Runck 

Department  of  the  Navy 
Bureau  of  Aeronautics 
Washington  25*  D.C. 

ATTN:  Mr.  N.  E.  Promisel 

Douglas  Aircraft  Company,  Inc. 

El  Segundo, 

California 

ATTN:  Mr.  R.  H.  Cassner, 

Chief  Metallurgist 

Douglas  Aircraft  Company,  Inc. 

Metals  and  Processes 
3000  Ocean  Park  Boulevard 
Santa  Monica,  California 
ATTN:  Mr.  F.  T.  Wood, 

Chief 
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A.  0.  Smith  Corporation 

P.O.  Box  584 

Milwaukee,  Wisconsin 

ATTN:  Mr.  F.  J.  Altmann,  Chief 

Government  Contracts  Division 

Standard  Pressed  Steel,  Inc. 

Jenkintown  44, 

Pennsylvania 

ATTN:  Mr.  Bennett  Jones 

Steel  Improvement  &  Forge  Company 
970  East  64th  Street 
Cleveland  3,  Ohio 
ATTN:  Mr.  D.  McGinty 

Taylor  Forge  &  Pipe  Works 
4735  West  145th  Street 
Cicero,  Illinois 
ATTN:  Mr.  E.  L.  Roshong 

Thompson-Ramo -Wooldridge,  Inc. 

23555  Euclid  Avenue 

Cleveland  17,  Ohio 

ATTN:  Mr.  Charles  Clements 

Thompson-Ramo-Wooldridge,  Inc. 

TAPCO  Group 

211  Talbott  Tower 

Dayton  2,  Ohio 

ATTN:  Mr.  J.  L.  Haggerty 

Townsend  Engineered  Products,  Inc. 

P.O.  Box  2025 

Santa  Ana,  California 

ATTN:  Mr.  George  Norville, 

President 

Transue  &  Williams  Steel  Forging  Corporation 

Forging  Division 

Alliance,  Ohio 

ATTN:  Mr.  J.  W.  Ament, 

Sales  Manager 

U.S.  Department  of  Commerce 

Business  &  Defense  Services  Administration 

Raw  Materials  Branch 

Iron  &  Steel  Division 

Commerce  Building 

Washington  25>  D.  C. 

ATTN:  Forgings  Branch/Mr.  R.  Curran 
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Lear  Siegler,  Inc . 

1700  East  Grand  Avenue 
El  Segundo,  California 
ATTN:  Chief  Engineer 

Lockheed  Aircraft  Corporation 
2565  Hollywood  Way 
Burbank,  California 
ATTN:  Mr.  George  W.  Papen 

The  Martin  Company 

Manufacturing  Research  &  Development 
Baltimore  3 ,  Maryland 
ATTN:  Mr.  Leon  Laux, 

Mail  No.  540 

Metallurgical  Engineers 
2340  S.W.  Jefferson  Street 
Portland  7>  Oregon 
ATTN:  Mr.  Harry  Czyzewski 

North  American  Aviation,  Inc. 

Columbus , 

Ohio 

ATTN:  Mr.  F.  A.  Wedberg, 

Chief  Research  Engineer 

North  American  Aviation,  Inc. 

International  Airport 
Los  Angeles  45,  California 
ATTN:  Mr.  L.  P.  Spalding, 

Chief  Research  Engineer 

Pratt  &  Whitney  Aircraft 

Division  of  United  Aircraft  Corporation 

Chemical  &  Metallurgical  Processes 

East  Hartford  8,  Connecticut 

ATTN:  Mr.  S.  W.  Deming, 

Chief 

Republic  Aviation  Corporation 
Farmingdale,  Long  Island, 

New  York 

ATTN:  Mr.  Adolph  Kastelowitz, 

Chief  Manufacturing  Engineer 

Scientific  and  Technical  Information  Facility 
P.0.  Box  5700 
Bethesda,  Maryland 

ATTN:  NASA  Representative  (S-AK/DL) 
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Wright  Aeronautical  Division 
Curtiss-Wright  Corporation 
Wood -Ridge,  New  Jersey 
ATTN:  Miss  Alice  M.  Kettle 

Wyman-Gordon  Company 
North  Grafton, 

Massachusetts 

ATTN:  Mr.  Arnold  Rustay 


